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a ommvission: 
. GENTLEMEN-I transmit herewith "Report and plans for reclamation 
of lands subject to overflow in the Embarrass river valley," and recom-
mend that it be published as Bulletin. No. 25. 
The author of the report Mr. Jacob A. Harman, C. E., of the Har-
man E'ngi:Q.eering Co. was authorized to undertake the work on behalf 
of the Geological Survey, August, 1912. It has been completed with 
commendable speed and exceptional breadth of view, due to the author's 
extensive experience with practical drainage work in Illinois and neigh-
boring states. • 
The Embarrass valley contain approximately 170 square mile or 
108,600 acres of land subject to such frequent overflow that farming 
can be pursued in the region only with great uncertainty of profit. 
The plans here submitted propose (1) straightening the crooked chan-
nel, ( 2) building adequate levees to allow movement of flood water 
without covering the farm land, ( 3) excavating ditches to divert hill-
side waters, and ( 4) installing pumping plants to care for the drainage 
of each unit-area during times of flood. The estimated aver:;~.ge cost 
of the work is $30.00 per acre, a reasonable sum in view of the fact 
that the land which at present is of slight value will, after reclamation, 
b€ as desirable as any in the State. 
The publication of this important report, .makes it desirable to review 
the reclamation studies carried on by the State during recent years. 
The General Assembly in 1907, made a special appropriation to the 
State Geological Survey for the survey and study of lands subject to 
overflow. Shortly thereafter there was organized a State Committee 
on Waterways Reclamation, including representatives of the State Geo-
logical Survey, the Internal Improvement Commission, and the U. S. 
Department of Agriculture. The work of this joint committee was 
expected to result in a report upon which the General Assembly could 
formulate a definite policy toward stream improvement. 
The making of detailed maps of the different river valleys was 
assigned to the Geological Survey. The methods used were essentially 
those developed by the U. S. Geological Survey which actively cooper-
ated in the work. 
The Geological Survey, on July 1, 1912, had completed maps for the 
Kaskaskia, Big :Th.'luddy, Embarrass, and Spoon river valleys. Work 
on Saline and Sangamon rivers was in progre s. The U. S. Depart-
ment of Agriculture had fini hed a report on the Little Wabash and 
Skillet Fork rivers, which has now been published by the Rivers and 
Lakes Commis ion of Illinois. The last named commission has also 
published its report based on the Geological Survey maps of the Kas-
kaskia valley, and has in preparation one for the Big Muddy valley. 
On July 1, 1912, it was evident that the Rivers and Lakes Com.: 
mission would be unable to make the Embarrass and Spoon river .studies 
promptly, for want of funds, and so your honorable body arranged for 
the report herewith submitted, to be made at the expense of the Geolog-
ical Survey. Thus it' was deemed to be for the public interest to issue 
a reclamation plan for the Embarrass valley, rather than to continue 
work already begun on the Saline and other streams. The deferred 
work should, of course, be completed as early as fundo will permit. 
Mr. Harman's conclusions and recommendations for the Embarrass 
valley are s:ummarized as follows : 
Fi1·st. That a large amount of fertile land lying in the Embarrass 
river valley, subject to overflow, and comparatively useless for agri-
cultural purposes, may be reclaimed and made available for profitable· 
farming. . 
8ecornd. That the benefits derived from the improvements of these 
lands will be in excess of the cost, and for many of the drainage units 
the cost will be very much less than the benefits. 
Third. That a drainage and levee district should be organized, in-
cluding that portion of the Embarrass river valley which is covered by 
this report; the officers for this district to have charge of the channel 
corrections and of the local work of each drainage unit. 
Fourth. That the legislature of the State be reque.sted to enact a 
workable law under which such an organization may be effected. Such 
a law should provide that the general improvements of the correc~ 
tion of the river channel might be charged as a cost to all the lands 
which would be benefited thereby, and that the improvements for pro-
tection from overflow and for interior drainage might be charged wholly 
to the lands within the drainage unit so protected, and that the carry-
ing · out of the local improvements for each drainage unit should be a 
matter to be determined independently of the work of any other drain-
age unit. 
Fifth. That the co-rrection of the main channel should be carried 
out as a whole, and with as much expedition as possible after it has 
been undertaken. The protection from overflow of ea.ch drainage unit, 
and the interior drainage thereof, which would include ditches and 
pumping station, where necessary, could be clone progressively. 
Large portions of this land are still in timber and if the .protection 
from overflow were provided, the construction of the interior ditches 
and pumping plants might be deferred, in some cases, for two or three 
years, in ordex to enable the owners of the land to clear the timber and 
put into cultivation the .higher portions before being required to pay 
the full taxes, or interest on the full taxes, for the complete work. 
The conditions in each drainage unit should govern as to whether. 
the whole of the local work, or only a portion of it should be ca-rried 
· out at one time. In any case, however, if the protection from over-
flow of any drainage unit is provided independent of the interior 
drainage thereof, the assessment for such protection from overflow, 
and the · subsequent assessment for the completion of the interior drain-
age should be equitably adjusted with reference to the whole improve-
ment and protction from overflow and drainage. 
Very respectfully, 
FRANK w. DEw OLFJ 
Dire.ctor. 
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REPORT AND PLANS. FOR RECLAMATION OF 
LANDS SUBJECT ·TO OVERFLOW IN THE 
EMBARRASS RIVER VALLEY. 
Mr. Frank W. De·Wolf~ 
Director Illitnoi-s Sta.te Geological Su1"vey, . 
Urbana~ Illinois. 
DEAR SIR-Herewith are submitted the preliminary plans and 
estimates of cost for the reclamation of the lands in the Embarrass 
river valley from Gree~up, in Cumberland county, to the mouth of the 
river in Lawrence county, about three or four miles above St. Francis-
ville, and for the North Fork from Moriah, in Clark county, to its 
junction with the Embarrass in Jasper cotmty, about two or three miles 
below Sainte Marie. 
ORDER OF TREATMENT. 
The subject matter in this report is treated in the following order: 
1. Data, maps, plans, and profiles. 
2. General description of valley. 
3. The problem. ' 
4. Rainfall. 
5. Run-off. 
6. The plan. 
7. Estimates of cost. 
8. Conclusions and recommendations. 
DATA, MAPS, PLANS, AND PROFILES. 
The topography survey and data upon which this Report is based 
were prepared by the Illinois State Geological Survey in cooperation 
with the United States Geological Survey, and under a working agree-
ment with the Illinois Rivers and Lakes Commission, and consisted of 
the following: 
(a) State Geological Survey map of Illinois. 
(b) County maps of the different counties on the watershed. 
(c) Photo-lithographic charts of the topography sheets made by the 
State Geological Survey and the U. S. Geological Survey in cooper-
ation, showing surface elevations of the ground in the valley 
where observations were taken; also showing contours at five-foot 
intervals, section lines, and other general information commonly 
shown on maps of th ls character. 
14 EMBARRASS RIVER IMPROVEMENT. 
When the topography surveys of this valley were made it was not 
-considered practicable to extend this improvement above Greenup, 
in Cumberland county on the main channel, and Moriah, in Clark 
county on the North Fork, and the survey consequently only 
extends to these points. The plans for reclamation contained in 
this report embrace only the territory covered by the survey. 
(d) Gage readings near Oakland, in Coles county, from Oct. 20, 1909, to 
June 30, 1912, and at Sainte Marie from Oct. 23, 1909, to June 30, 
1912. These were obtained by the Rivers and Lakes Commission 
of Illinois in cooperation with the U. S. Geological Survey. 
(e) Discharge measurements and rating tables for Oakland and Sainte 
Marie, obtained by the same cooperation. 
Supplementary surveys were made from. this office consisting of the 
following: 
(a) Cross-sections of the channel of the Embarrass river and North Fork, 
about ten miles apart. 
(b) Location of high-water marks along the valley, with the date of the 
high water and the 
0 
name of the person who observed the high 
water. 
(c) Elevation of roadways of bridges, size of clear openings, location of 
piers, type and age of structure. 
Accompanying- this report are submitted the following maps, plans, 
and profiles : 0 
Sheet No. 1. Index map showing the Embarrass river valley from 
Greenup to the mouth of the river, and the North Fork valley from 
Moriah to the junction of the North Fork with the Embarrass river, 
the location and boundaries of the drainage units, as planned in the 
report, and the territory embraced by each of tl1e detail sheets. 
Sheets Nos. 2 to 6y inclusive. Detail sheets showing the "Plans for 
Reclamation," as follows: 
(a) Proposed cut-offs in channel of the stream. 
(b) Control of large tributary streams and diversion ditches for the 
smaller streams. 
(c) Levees along the river for protection against flood. 
(d) Gravity outlet channels. 
(e) Boundaries of drainage units. 
(f) Cross-sections of the valley at intervals of about ten miles. 
(g) Cross-sections of the river channel at intervals of about ten miles. 
(h) E-levation of bridge floors and location of piers of all bridges where 
cross-sections were taken. 
Sheets Nos. 0 7 a,nd 8. 0 Profile sheets showing ground surface on both 
banks, the bed of t~e stream, the proposed cut-offs, the proposed levee 
grade line, towns, bridges, section lines, etc., and the length of the 
channel in feet and miles. 
All elevations used in this report and the accompanying plans are 
referred to sea level datum, as established by the U. S. Geological 
Survey. 
GENERAL DESCRIPTION OF' THE VALLEY. 
THE WATERSHED. 
The Embarrass river has its source in Champaign county, just south 
of Urbana, and flows in a general southerly direction across Champaign, 
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DESCRIPTION OF VALLEY. 15 
Douglas, Coles, and Cumberland counties, and in a general 8outheasterly 
direction across Jasper, Richland, Crawford, and Lawrence counties, 
emptying into the Vol abash river about three or four miles above St. 
Francisville. 
Its principal tributary, the North Fork, has its source southeast of 
Kansas, in · Edgar county, and flows in a general southerly direction 
across Edgar, Clark, Crawford, and Jasper counties, emptying into the 
Embarrass about tvm or three miles below Sainte Marie, in Jasper 
county. · · 
The channels of both the main river and the· North Fork are very 
crooked and a number of cut-:offs are provided for in the plans, which 
will . straighten the · channel somewhat and increase the slope of the 
river. · The length of the present channel,. from Greenup to the mouth 
of the river, is approximately 104 miles, while the channel propo-sed 
in these plans will be only 81 miles long, and .the median line of the 
-valley ie lYnly 69 miles long. 
The watershed, as shown by the accompanying ma.p, has. an area of 
about 2426 square miles and embraces parts of Champaign, Vermilion, 
Douglas, Edgar, Coles, Cla.rk, Cumberland, Jasper, Crawford, Rich-
land, and Lawrence colmties. The extreme length is 110 miles and the 
extreme width is 34 miles. The ratio of length to width is 3.24. Th~ 
general shape and proportions of this watershed are very similar to the 
watershed of the Kaskaskia riveT, already described.1 
T'able No. 1 of the appendix shows each. tributary of the Embarrass; 
the distance from its mouth to the Vl abash; the drainage area of each 
tributary; the areas· adjacent to, and draining directly into, the Embar-
rass; and the total dra.inage area above the basin of each tributary. 
The immediate valley of the Emba.rrass river below Greenup, to-
gether with the va.lley of the North Fork below Moriah, contains ap-
proximately 108,600 acres, or 170 square· miles of river-bottom lands 
subject to overflow during high wateT stages. For detailed areas of 
drainage units, a proposed in this report, a.rea: of floodway, and total 
area, see Table No. 25, on page 59 of the appendix. · 
The width of the valley varies greatly at different points, being 
over 8 miles wide at the mouth and na.rrowing up to a width of one-
half mile, or less at a number of places above Sainte Marie. The valley 
will av·erage more than 5· mile wide below Lawrenceville, about 21j2 
miles wide from Lawrenceville to Sainte Marie, and from Sajnte 1VIarie 
to the upper limit of the surveys about 11j2 miles wide on the Embarrass, 
and 1 mile on North Fork. 
The most important towns located on the watershed are as follows: 
In Dougle county-Tuscola; in Coles county-Oakland, Charleston, 
and Ma.ttoon; in Cumberland county-Greenup and Toledo; in Clark 
county-Casey and Martinsville; in Jasper county-~ J ewton and Sainte 
Marie; in Crawford county-Robinson and Oblong; in Lawrence county 
-Sumner, Bridgeport, . and Lawrenceville. 
1 Harman, Jacob A., Report and plans for reclamation. of lands subject to overflow in the Kaskaskia 
Tiver valley, illinois: Rivers and Lakes Commission ofJllinois, 1912, p. 13 · 
16 E~IBARR_\. S RIVER DIPROVE~IENT. 
BrunGES. 
The following list shows location of railroad and highway bric1ges 
across the Embarra s river and North Fork-
Railroad bridges across Embarrass river:-
Baltimore & Ohio Southwestern, southwest of Lawrenceville. 
C. C. C. & St. L. (Cairo Division), at Lawrenceville. 
C. H. & D. (Ohio River Division), at Sainte Marie. 
Illinois Central (Indianapolis Line), east of Newton. 
Illinois Central (Evansville Line), at Newton. 
Vandalia (Pennsylvania System), west of Greenup. 
Illinois Central (Evansville Line), north of Greenup. 
Railroad bridges across North Fork river:-
Illinois Central (Indianapolis Line), west of Oblong. 
Highway bridges across Embarrass river:-
In Lawrence county-
Bridge 1 mile- east of Billett in the E. lh sec. 28, T. 3 N., R. 11 W.- · 
2nd 'P.M. 
Bridge east of Lawrenceville in the W. lh sec. 5, T. 3 N., R. 11 W.-
2nd P.M. 
Lawrenceville bridge in the SW. 1;(&, sec. 31, T. 4 N., R. 11 W.-2nd P.M. 
Westport bridge in the E. lh sec. 32, T. 5 N., R. 12 W.-2nd P. M. 
In Crawford county~ 
S.pencer bridge in the NW. 1,4 sec. 9, T. 5 N., R. 13 W.-2nd P. M. 
In Richland county-
Cow Ford bridge in the NE. 1,4 sec. 27, T. 5 N., R. 14 w.-2nd P. M. 
In Jasper county-
Bridge east of Rafetown in the W. 1f:! sec. 20, T. 5 N., R. 14 W.-
2nd P.M. 
Bridge- at Sainte Marie in the NW. 14 sec. 30, T. 6 N., R. 14 W.-
2nd P.M. 
Bridge at Newton in the SW. 14 sec. 36, T. 7 N., R. 9 E.-3rd P. M. 
Bridge north of Mint creek in the N. lh sec. 14, T. 7 N. ; R. 9 E.-
3rd P.M. 
Bridge north of Wolf creek in the NE. 1,4 sec. 28, T. 8 N., R. 9 E.-
3rd P.M. 
Bridge west of Hayes School on north line of sec. 10, T. 8 N., R. 9 E.-
3rd P.M. 
In Cumberland county-
Bridge in the S. 1h sec. 29, T. 9 N., R. 9 E.-3rd P. M. 
Bridge west of Greenup in the NW. 14 sec. 10, T. 9 N., R. 9 E.-
3rd P.M. · 
· Highway bridges across North Fork river are as follows: 
In Jasper county~ 
Bridge in the SE. 1;(&, sec. 29, T. 6 N., R. 14 W.-2nd P. M. 
Bridge in the W. lh sec. 16, T. 6 N., R. 14 W.-2nd P. M. 
Bridge in the NE. 1,4 sec. 15, T. 7 N., R. 14 W.-2nd P.M. 
Pontoon bridge on north line of sec. 33, T. 8 N., R. 14 W.-2nd P. M. 
Bridge on north line of sec. 28, T. 8 N., R. 14 W.-2nd P. M. 
Bridge at Bellair in the NE. 1,4 sec. 15, T. 8 N., R. 14 W.-2nd P. M. 
In Crawford county-
Bridge south of I. C. R. R. bridge in the SW. 14 sec. 35, T. 7 N ., 
R. 14 W.-2nd P. M. 
In Clark county-
Bridge south of Moriah on the north line of sec. 26, T. 9 N., R. 14 W.-
2nd P.M. 
Bridge east of Moriah in the NW. 1,4 sec. 23, T. 9 N., R. 14 W.-
2nd P.M. 
Bridge north of Moriah in the SW. 1,4 sec. 11, T. 9 N., R. 14 W.-
2nd P.M. 
DESCIUPTION OF VALLEY. 17 
DRAINAGE DITCHEs ALREADY CoNSTRUCTED. 
In the ·territory designated on the general map (sheet 1, pocket) as 
Drainage Unit No. 6, Sheet 1 herewith, located on the north bank of the 
Embarrass river between Calfkiller creek and Big creek, in Crawford 
county, there has been constructed . recently a. system of drainage ditches 
which, in addition to the interior ditches, also includes a ditch extending 
along the foot of the bluffs for hill water diversion . 
. In the territory designated on the general map as Drainage Unit 
No. 2, located on the north bank of the Embarrass river, between Law-
renceville and the Wabash river, there are three systems of drainage 
ditches; viz., The Ott9 Pond drainage ditch, which follows the foot 
of the bluff north of Lawrenceville; The Bea.ver Pond drainage ditches, 
which extend through the central portion of the territory, and the Alli-
son drainage ditches, consisting of one main ditch and three laterals in 
the eastern portion of this drainage unit. . 
There is also an old levee on the -bank of the Wabash river along 
the east side of this territory, which has been broken by the Wabash 
floods in several places and is not of sufficient height to give full 
protection from overflow. This levee does not close in to high ground 
at the lower end, and even if it were in good condition and sufficiently 
high to withstand the VI abash floods, this territory would be subject 
to the back waters of the Wabash as well as the high waters . of the 
Embarrass. 
In the territory designated on the g-eneral map as Drainage Unit 
No. 1~ located· on the· south bank of the Embarrass,, between Indian 
creek and the Wabash river, there is a ditch system known as the 
"English drainage ditch." This ditch extends up through the terri-
tory about one-quarter mile from the bluff and has three branches. The 
greater portion of the territory reached by this ditch lies east of the 
Cairo Division of the Big Four Railroad, which extends down through 
the central portion of the territory . . 
OrL FrELDs. 
The Embarrass river valley is traversed · by the Eastern Illinois Oil 
Field, which is one of ·the greatest producing oil fields in the United 
States. The wells which are now in operation in the valley are located 
on the flood plain of the main stream between Lawrenceville and Sainte 
Marie, and on the North Fork. In some cases, farming · and grazing 
of the 1ands is hindered while the oil wells are in operation, but no 
permanent injury is done to the surface, and after the wells are ex-
hausted the territory is available for agricultural purposes as bef-ore~ 
TIMBER1 SorL1 AND CRoPs. 
Aside from the territory east of Lawrenceville, which has been quite 
extensively cleared and put into cultivation, very little clearing has 
been done in the valley, and in many places there is quite a heavy 
growth of the timber common to river-bottom lands. In the upper 
portion of the valley, however, the timber is niore scattered. 
-2ER 
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The soil of the overflowed lands in the valley is characteristic alluvial 
deposit, with occasional sand ridges. In that portion of the valley 
which is directly influenced by the Wabash river, clay silt soil pre-
dominates. 
The principal crops in the drainage basin are corn and wheat, but 
when adequate drainage is provided all the grains and grasses suited 
to the prevailing climatic conditions of the locality can be grown to 
advantage. In fact, crop rotation and advanced farming methods 
should be followed in the cultivation of these low lands just the same 
as on the uplands to avoid depletion of the soil fertility and the conse-
quent reduction of crop yields. In this way, the rich soil which has 
been washed down from the high lands may be preserved arid large 
crop yields perpetrated. 
THE PROBLEM. 
This valley, like the valleys of all silt-bearing streams, has been 
filled to a higher level at the river banks than on the flat bottom lands 
between the channel and the bluffs. Consequently, when the river is at 
a bank-full stage, which ordinarily occurs several times each year, a 
large portion of the valley is flooded, and the sub-surface drainage from 
the lands which lie above the leval of the water is materially retarded. 
In the fall of 1909 permanent gages were set by the United States Geo-
logical Survey in cooperation with the Rivers and Lakes Commission 
near Oakland, in Coles county, and at Sainte Marie, in Jasper county. 
Daily gage readings have been kept since that time a.t both these stations 
-see Tables Nos. 2 to 9, pages 44-47 of tpe appendix. The records 
from the Oakland gage are not of great value for the purpose of this 
report on account of the fact that the gage is located about 30 miles 
above the limits of the topography survey, and no records are avail-
able of the ground levels in the valley above the limits of the survey. 
A study of the records of gage ·readings at Sainte Marie shows that 
during the year 1910 the river was at a bank-full stage, or higher, :for 5 
days in January, 2 days in February, 5 days in March, 4 days in July, 
4 days in October, and 1 day in November; during the year 1911, 3 days 
in January, 2 days in March, 11 days in April, 3 days in September, 8 
days in October, and 2 days in November; during the first six months 
of 1912, 4 days in February, 19 days in March, 10 days in April, and 
2 days in May. 
· None o:f the years for which the gage readings are available would be 
classed as high water years and, although there are no very definite 
records o:f old high waters on the river, a sufficient number o:f authentic 
high wa.ter marks of the 1908 flood have been found and tied in by 
levels, to locate the 1908 flood plain with reasonable accuracy. This 
flood exceeded the bank-full stage at Sainte Marie about 61f2 feet, and 
most o:f the lands in the valley were flooded to a depth of from 6 to 10 
feet. Abnormal floods also occurred in 1904 and 1898, but no precise 
information o:f these floods, or the ones preceding them could be se-
cured. 
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This intermittent flooding of the lower lands and the closing of the 
drainage outlets for the higher lands makes farming in the valley a 
very uncertain business, and has prevented any material development 
of the valley low lands. 
The problem of eliminating these difficulties, as treated in this report, 
contemplates (1) the provision of an adequate flood-way for high waters; 
· (2) protection levees to prevent overflowing of the lands; (3) drainage 
ditches to provide suitable carrying channels for the drainage of the 
lands; ( 4) gravity outlet channels, or ( 5) sluice-gates and pumping 
plants where necessary, so that the lands will be fully protected. from 
overflow and adequate drainage provided at all times. 
RAINFALL. 
The mean annual rainfall a.t 13 gaging stations .located on or near 
this watershed during a period of 12 years, from 1900 to 1911, inclusive, 
was 39 inches. · During this period the minimum annua.l rainfall oc-
curred in_ 1901, being 30.84 inches, and the maximum annual rainfall . 
occurred in 1909, being 47.06 inches. For detail record of the rainfall 
see Table No. 10, on page 48 of the appendix. It is to be noted that 
while some years show a high annual rainfall, the rains are so distributed 
as not to produce abnormal floods. For example, in 1908 the annual 
rainfall was only 36.92 inches, and during the month of May of that 
year there occurred the greatest flood within the memory of the present 
residents of the valley. In 1909 the annual rainfall amounted to 47.06 
inches, but it was so distributed that abnormal floods did not occur. In 
order . to show the distribution of the rainfall which produced the flood 
of 1908, daily rainfall records for the 13 gaging stations have bren pre-
pared for the months of April, May, and June, and are shown in Tables 
Nos. 11, 12, and 13, on pages 48-50 of the appendix. In years like 1909, 
which shows a high rainfall for the year, without abnormal river stages, 
the damage to the valley from flooding is not so great as when the ab-
normal floods occur, but the damage to the low lands, on account of long 
continued retardation of drainage, is greater than in years like 1908, 
when the river receded to a, low stage after the flood had passed. · 
RUN-OFF. 
In 1909, 1910, and 1911 a number of stream gagings were made at the 
gaging stations on the Embarrass at Oakland and at Sainte Ma.rie, from 
which gagings the rating tables, Nos. 14 and 15, shown on pages 51-52 
of the appendix were prepared. The records from the Oakland gaging 
station could not be uiled in the computa.tions of . this report, however, on 
account of the fact that this station i~ located about 30 miles above 
the limits of the topography survey. 'The gagings at Saint Marie show 
that the carrying capacity of the river channel at a bank .. full stage is 
approximately 3 1/3 second feet, per square mile of watershed. It was 
not possible, however, to determine the actual maximum .rate of ·run-off 
for the watershed from the records of this one station on account of the 
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fact that no daily gage readings during an extreme flood are available 
and, as there is only one gaging station in the territory covered by the 
topography survey, it was not possible to make a study of the effect of 
storage on 'the amolmt of water passing the gaging station at any .par-
ticular time. 
A report on the reclamation of the Kaskaskia river valley1 contains a 
very complete discussion of the maximum amount of run-off and effect. 
of storage in the Kaskaskia river valley. The conclusions reached were 
based upon records of the 1908 flood from several different gaging sta-
tions. The rate at which the water was stored in the overflowed area 
was determined, and by summing up the rate of storage in the valley be-
tween gaging stations and the rate of flow passing the different gaging 
stations, the maximum rate and amount of run-off into the valley was 
established. 
The Embarrass yalley and the Kaskaskia valley are similar and near 
each other, and their natural channels have above the same carrying 
capacity at a bank-full stage, consequently it was considered· sa.fe to use 
the formula for maximum run-off which was developed for the Kas-
kaskia watershed. The formula is as follows--
30000 
Q=--- + 15, 
M+200 
in which "Q" is the run-off in second feet, per square mile, and "M" is 
the area in square miles of the watershed in question. 
T'HE PLAN. 
In taking up the developments of the plan of reclamation a brief re-
view of the description of the valley will b!; given. 
At the mouth of the river the bottom land in the valley is approx'P 
imately 8 miles wide, and from this point the bottom gradually narrows 
to about 1lj2 miles just above Lawrenceville; from Lawrenceville to 
Sainte Marie the bottom land averages about 2lj2 miles in width, and 
from Sainte Marie to the limits of the survey it averages about' 1lj::! 
miles wide in the Embarrass valley, and about 1 mile wide in the valley 
of the North ForlL The length of the valley along its median line, 
from Greenup to the mouth of the river, is approximately 69 miles, and 
there are approximately 108600 acres of bottom land in the territory 
covered by the survey, which is subject to overflow and unsatisfactory 
drainage conditions. The channel of the main river is of sufficient size 
and depth to carry the normal low water flow and afford drainage to the 
adjoining lands, but it would require a channel of prohibitive size to 
carry the normal flow for the wet months of the year at a sufficiently low 
level to allow natural gravity drainage of the adjoining lands. 
The plan adopted in this report does not contemplate any increase 
in the size of the stream channel, but provides for carrying the flood 
waters between protection levees above the level of the ground adjoining 
the channel. 
1 Loc. Cit. 
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The locations of cut-offs, levees, and diversion ditches, as shown on 
Detail Sheets, Nos. 2 to 6, inclusive, are tentative and subject to revi-
sion when the location surveys for the construction work are made, 
should the character of the soil or other local conditions warrant. 
THE FLOOD-wAy AND PROTECTION LEVEES. 
In designing the flood-way and protection levees the required area 
of cross-section was determined by using the Chezy fo·rmula V = C R S, 
in which V is the average velocity in feet per second fo·r the entire 
cross-section. C is a constant, the value of which was determined by 
using Cutter's formula with the coefficient of roughness N = .025. In 
making thjs design it is assumed that the flood-way will be cleared of 
timber and brush, with the stumps cut close to the ground, and that 
the stream channel will be clear of logs and drift. R is the mean 
hydraulic radius and S is the sine of the angle of slope. 
On account of the great difference in the velocity of the water over 
the main channel where the depth will be 20 feet or more, and over the 
level of the ground in the flood-way, which is wide and comparatively 
shallow, it was found necessary, in order to secure accurate results in 
the computa.tions of flow, to divide the cross-section into two parts, as 
follows-
(1) The channel proper, including the area immediately above and 
between the lines of the side slopes projected· to the flood plain. 
(2) The combined area of the flood-way above the bottom lands be-
tween the side slopes of the channel produced and the levees on both 
sides. 
The value of the mean hydraulic radius R was determined as follows: 
(1) For the channel pro.per, or the area indicated by No. 1 above, 
by dividing the area of the bank-full stage by its wetted perimeter and 
adding to the quotient the difference in level between the bank-fuU 
stage and the flood . stage. 
(2) For the flood-way lying over the bottom lands, as described 
under No. 2 above, the mean hydraulic radius was determined by the 
ordinary method, that is, by dividing the area of the cross-section by 
the wetted perimeter. In the actual computations the areas of the two 
sides were combined and the wetted perimeter was taken as the com-
bined 'bottom width of flood-way on the two sides of the channel, plus 
the two wetted side slopes of the levees. 
The flood-way as computed by the method outlined above varies in 
width from 900 feet at Greenup to 2000 feet at the mouth of the river. 
T'ables No. 16 and 17, on pages 52-53 of the appendix show the flood-
way widths in detail. 
The height of the protection levees are shown by profile sheets, ·Nos. 
7 and 8. For table of levee grades see Tables, Nos. 21 and 23, pages 
57-58 in appendix. At the time of the 1908 flood there were no 
established gaging stations on. this river, but investigations made from 
this office revealed a number of high water marks, which had been made 
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at different points in the valley on the crest of the 1908 flood. The 
loca.tions and elevations of these high water marks are shown on detail 
sheets, Nos. 2 to 6, inclusive. · 
The levees along the Embarrass and North Fork above Lawrence-
ville are designed two feet above the new high-water line, which will 
be created by confining the flood waters to the flood-way proposed in this 
report. · They will have a top width of 3 feet and combined side slopes 
of 4 horizontal to 1 vertical. The ground upon which the levee is built 
must be cleared of all vegetation and the stumps and roots of large 
trees removed. Where the levees exceed 10 feet .in hight exploration 
trenches should be dug in advance of the work along the center line of 
the levee about 3 feet deep with side slopes as nearly vertical as practic-
able, and the surface of the ground on which the levee is built should b~ 
thoroughly plowed so as to form a bond between the old ground surface 
and the levee fill, and prevent seepage along the line of contact be-
tween the old ground surface and the levee. T'he exploration trench may 
be filled at the same time and with the same material that is used in 
making the main levee fill. From La.wl'enceville, the height ·of the 
levees is gradually raised to 3 feet above the proposed high water at 
the mouth of the Embarrass, and along the Wabash river the levee 
is designed to be 3 feet above the high-water line. The top width of 
this portion of the levee is to be 3 feet, and the combined side slopes 
will be 5 horizontal to 1 vertical, the river slope being 3 horizontal _to 
1 vertical, and the land slope being 2 horizontal to 1 vertical. · In all 
other matters the requirements for the levees below Lawrenceville will 
be precisely the same as for the levees abo-ve. The reason for increas-
ing the height and cross-section of the levees below Lawrenceville is 
that the river water will stand against the levees for longer periods of 
time, and the levees will consequently become saturated with water 
and require greater bulk and flatter slopes for stability . 
. The flood-way between the levees must be cleared of standing timber, 
logs, and brush; all stumps must be cut off close to the ground and the 
undergrowth must be kept down by pasturing or cutting from year to 
year so as to furnish an open channel for the flood waters. The river 
channel must also be .cleared of fallen trees, logs, and debris. 
CHANNEL RouTE AND CuT-OFFS. 
The present channel of the Embarrass river is winding in its course 
down the valley. It traverses a distance of 103.8 miles from Greenup 
to its . junction with the Wabash river, while the median line of the 
valley between these same points is only 69.4 miles in length, conse-
quently, about one-third of the length of the channel is devoted to 
crossing and re-crossing the valley. . 
In the plan proposed in this report a number of cut-offs are pro-
vided to eliminate the large loops and bends in the channel wherever the 
resulting cost of new channel is not excessive. These cut-offs have all 
been designed to carry a run-off of 3 1/3 cubic feet per second, per 
square mile from the watershed above, which gives the cut-offs the 
same capacity as the old channel of the stream. The locations of the 
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cut-offs are shown on the detail and profile sheets attached to this report, 
and figures showing the length, width, average depth and amount of 
excavation for each cut-off are shown in T'ables Nos. 18 and 19 on 
pages 55-56 of the appendix. For channel grades see Tables, Nos. 22 and 
24, page 58 of appendix. 
The length of the proposed channel from Greenup to the mouth of the 
river is 80.7 miles. For details of the comparative lengths of the 
present river channel and the proposed channel between various points 
located about 10 miles apart on the old channel see T'a.ble No. 20, on 
page 57 of .the appendix. 
With the proposed route the reduction in length of the channel will 
be 23.8 miles, or approximately 23 per cent of the length of the present 
channel. The length of the median line of the valley is 34.4 miles, or 
approximately 33 per cent less than the length of the present channel. 
TRIBUTARY STREA.J\1S AND DIVERSION DITCHES. 
A number of tributary streams entering the Embarrass valley at vari-
ous points are large and have definite channels in the valley. The 
smalle-r streams, however, frequently lose their channels and spread out 
over the bottom lands as soon as they re!lch the foot of the hills. The 
streams have been taken care of in th~ design, either by conducting 
tJhem along the foDt of the bluff in diversion ditches and carrying 
them to the river between drainage units or, in cases where there was 
a definite channel across the valley, by leaving a flood-way of sufficient 
size for the watershed of the stream, and providing protection levees 
to prevent the overflowing of the bottom lands. Table No. 1 on page 
43 of the appendix, shows the relative locations and drainage areas 
of the principal hill streams. 
The bluff diversion ditches have been so .located in the different drain-
age units as to prevent hill water of appreciable quantity flowing into 
the drainage units behind the levees, so that in districts where pumping 
is necessary only the ·water from -the drainage area in the valley will 
have to be pumped. 
SEDIMENTATION AREAs OR HoLDING BAsiNs. 
Many of the small streams from the bluffs ha.ve such steep slopes that 
they carry a great deal of sediment into the valley and deposit it at 
th_e foot of the hills where the slope of the ditch abruptly changes. If 
these streams were conducted directly into the bluff diversion ditches 
they would fill the ditches and overflow the banks in a very short time; 
in fact, in cases where this has been. done a single heavy rain has been 
known to fill the ditches bank-full with sediment from the hills. It 
consequently becomes necessary to devise some means of removing the 
heaviest sediment fro·m the water before it is allowed to flow into the 
ditches. The method of accomplishing this purpose, which · is proposed 
in this report, is to provide sedimentation areas enclosed by levees; 
such that the water can spread out and deposit the heavy sediment. The 
water can then be collected again into a .channel and flow into the 
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diversion ditches without danger of choking them. 'These sedimentation 
areas, after being in use for some time, will be filled above the level of 
the adjacent gTound. When the sedimentation areas have become 
filled to such an extent as to be no longer useful new locations can be 
provided. In this way, lands which ha.ve been used for sedimentation 
can be later returned to agricultural purposes. In cases where the hill 
streams travel through a ·fertile soil the sediment which is filled in 
upon the sedimentation area will be a very rich soil, well suited to 
farming purposes. 
GR.A VITY OUTLET CHANNELS v. PU11t(PING PLANTS. 
Moisture is one of the most important elements of plant .growth, but 
it has b~en found, in order tq properly apply the moisture to the plant 
roots, that the water level in the soil must be lowered to a consider-
able depth. The soil then becomes aerated and mellow so that the 
plant roots can penetrate t.o a greater depth ·and draw moisture by cap-
illary attraction in . such a form as to be readily taken up and utilized. 
The most effective method of lowering the water level in the soil is by 
the use of tile drains with open ditches for outlets and for larger carry-
ing channels. The best practice in land of this character is to lay the tile 
at a depth of 3 feet, or more, below the surface of the ground. In 
order to provide the necessary slope in the ditches, an outlet for all of 
the water from each drainage unit should be available at all times dur-
ing the planting and growing season, at a depth of at least 5 feet below 
the level of the lowest reclaimed lands in the territory. Where a proper 
drainage outlet cannot be secured by opening the drainage ditches 
directly into the main channel of the river, there are two methods of 
securing the desired outlet. , 
First. By gravity outlet channels extending down stream between 
levees a sufficient dishince before connecting with the main river chan-
nel to prevent the hack water of the river from flooding the drainage 
outlet during high-water .stages. 
Second. By drainage pumping plants, which lower the water in the 
interior drainage ditches to the desired level by lifting it over the levee 
into the channel of the main river. 
Where the topogr.aphy of the territory and the slope o~ the main river 
1 hannel ·are such that gravity outlet channels are practicable, and the 
f ost of ·construction is not prohibitive, t4ey are very much to be preferred 
to pumping plants, because they operate 'naturally, and are not subject.to 
uncertainties or expenses connected with the operation of machinery. On 
the other hand, there are many cases where intervening hill-streams, 
bluffs, or other causes, prevent the construction of gravity outlet chan-
nels. Occasionally, although the topography is favorable for the gravity 
outlet channel, the length and consequent cost of the channel is so gr·eat 
as to be prohibitive. Only one of the drainage units designed in thi::! 
report is suitably located topographically for the construction of a grav-
ity outlet channel. . 
All of the lands in this valley lie sufficiently high above the normal 
low-water stage of the river for a gravity drainage outlet to be available 
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directly into the river during the greater pOTtion of the year, but a study 
of the water levels at Sainte Marie reveals the fact that a gravity outlet 
for the low lands in that locality, if connected direct into the river, would 
have been submerged, since the time when the gage was established, dur-
ing the soil preparation, planting, and growing months, as follows : 
Days when gravity outlet would have been flooded. 
Month 1910 1911 
• 








The above record, although it covers a period of only 2lj2 years, is 
sufficient to show that a sluice-way beneath the levee, provided with a 
gate which could be closed when the river is high, would not generally 
afford an outlet for complete drainage of the lands behind the· levee. In 
some of the drainage units, however, such an arrangement might possibly . 
be found sufficient when the construction surveys are made· and the plans 
for each individual territory are worked out in detail. 
There is not sufficient information available from the data at hand 
to determine how much pumping would be required, and what would be 
the ordinary and maximum pumping heads. As. a guide to the cost of 
puping, however, the following case is of interest. The Louisa-Des 
Moines Drainage District No. 4 pumping plant, located on the west 
side of the Mississippi river, about 20 miles above Burlington, Iowa, 
during the past 3 years has been in operation for an average. of about 
750 hours each year. The ordinary pumping head has been from 3 to 5 
feet, and the cost of operation has been approximately 45 cents per 
acre, based on 13,000 tax-paying acres. The total watershed pumped 
·was approximately 17,000 acres. This plant has been operated under 
engineering supervision since its completion in 1909. The efficiency of 
the plant has been maintained constantly· at a high point, and a very 
careful record kept of all matters connected with the operation of the 
plant, such as the rain-fall at the plant, the water stages inside and out-
side of the levee, the amount of water pumped, and the amount of coal 
burned, as well as the labor cost and miscellaneous expense i terns of all 
kinds. From the records of the operating cost of this plant, and experi-
ence in smaller drainage districts, it is estimated that the probable ex-
pense of pumping the different dra~age units in this territory will range 
from about 40 cents per acre to $1.00 per acre, per year, depending upon 
the size of the drainage unit and the . amolmt of pumping required. 
DESCRIPTION OF DRAINAGE UNITS AND CosT OF OvERFLow PROTECTION. 
The bottom lands of the Embarrass vailey are divided into a number 
of independent areas by the winding course of the river channel, and by 
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the hill-stream tributaries. These separat~ areas will be referred to in 
this report as "drainage units." Between the mouth of the Embarrass 
river and Greenup, in Cumberland county, there are planned twenty 
drainage units, numbered from 1 to 20, inclusive, lying adjacent to the 
Embar.rass river. On the North Fork, the principal tributary of the 
Embarrass, there are planned six drainage units, numbered from 21 to 
26, inclusive. Drainage Unit No. 2_5, which is the one farthest north 
on the North F 'ork, extends to a point about one mile south of Moriah, in 
Clark county. These drainage units vary in area from 500 to 23,000 
acres. The twenty-six Ct.rainage units have an aggregate area of about 
84,000 acres. The lands taken for floodway, and the various tracts 
deemed too small to warrant the cost of protection levees, have been 
summed up under the general head of ~'floodwa,y and storage," and aggre-
gate an area of approximately 25,000 acres. This area which might ap-
pear to be a large amount of unreclaimed land as compared to the area 
proposed to be reclaimed, will serve a useful purpose in furnishing stor-
age capacity in time of flood, and will still be as useful as at present 
for pasturage and such uncertain farming as is now carried on in these 
unprotected areas. 
Table No. 25 of the appendix shows the area in each drainage unit, 
and a summary of all the bottom lands below Greenup and Moriah on the 
· Embarrass rivBr and North Fork, respectively. 
A detailed descriptio-n of the drainage units, including the location, 
extent, character and approximate estimate of cost of protection from 
overflow for each is as follows : . 
Drainage Unit No. 1) containing 4,100 acres, is situated on the right 
banks of. the Embarrass and Wabash rivers, and has an average width 
of one and one-half miles. It extends northerly from the St. Francisville 
to the Vincennes branch of the C., C., C. & St. L. Ry., a distance of about 
five and one-half miles, to a point where the Embarrass river channel is 
near the bluff on the westerly side of the bottom lands, about one mile 
southeasterly from the mouth of Indian creek. 
The area, 4,100 acres, as given abov~, is exclusive of a tract of high 
land about one-half mile wide and about three miles long, which extends 
approximately north and south through the drainage unit. The village 
of Billett, on the Cairo division of the C., C., C. & St. L. Ry., is located 
on this high ridge. Levees are designed for this drainage unit along the 
Embarrass and Wabash rivers to protect the low lands from overflow by 
the flood waters of these streams; and a bluff ditch and levee are de-
signed, beginning at the bluff just northwest of Billett and extending in 
a general southerly direction substantially along the base of the bluff 
to an outlet at the southerly end .of the drainage unit. The ditch and 
levee will divert the hill drainage, which would otherwise enter the drain-
age unit, and which would have to be. taken care of by additional pump-
ing. By this plan the drainage area, from which t~e water would have 
to be pumped, would be restricted to the immediate area enclosed by the 
river levees and the bluff diversion ditch levee, which is approximately 
5,400 acres. · · · · 
This drainage unit now contains a drainage ditch and branches known 
as the "English drainage ditch." These ditches could -probably be used 
in a system of interior drainage ditches fo·r this unit. 
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The average height of the proposed Wabash river levee is 11.7 feet. 
The average height of the proposed Embarrass river levee is 10.3 feet. 
The ·estimated cost of the local work for protection from overflow of 
this drainage unit is as follows: 
Cu. Yds. 
Wabash river levee .. ~ ...... ·. . . . . . . . . . . . . . . . . . 223200 
Embarrass river levee . . . . . . . . . . . . . . . . . . . . . . . . 150300 
Bluff ditch and levee . . . . . . . . . . . . . . . . . . . . . . . . . 191600 
565100 @ 12Jhc = $70637.50 
$70637.50 7 4100 (acres)= $17.22, average cost per acre. 
· Draina,ge Unlit No. 2', containing 23,100 acres, is situated on the left 
bank of the Embarrass river, and extends from the right bank. of the 
Wabash river in a northwesterly direction, a distance of about ten miles, 
to Brushy creek, about three miles above Lawrenceville. This drainage 
unit va.ries in width from about one-half mile to six miles, measured 
normal to the general direction of the Embarrass river. 
The area, 23,100 acres, as given above, is exclusive of a tract of high 
ground about one and one-half miles wide and four miles long, contain-
ing about 2,900 acres, lying east of Lawrenceville. The upper end of 
the drainage unit is traversed in a generally north and south direction 
by the Cairo division of the C., C., C. & St. L. Ry., which runs through 
Lawrenceville. The Baltimore and Ohio Southwestern also traverses 
this district in an east and west direction, running through Vincennes, 
Indiana, and passing about one-half mile south of Lawrenceville, Illinois. 
This drainage unit now contains drainage ditches, as follows: Otto 
Pond drainage ditch, Bea.ver Pond drainage ditch, and Allison drainage 
ditches, Nos. 1, 2 and 3. The drainage ditches ha.ve their origin at 
various points along the northerly edge of the district and receive the 
run-off from approximately thirty-five square miles of hill watershed. 
There are designed for this drainage unit, levees along the Embarrass 
and Wabash river and Brushy creek to protect the low lands from over-
flow by the flood waters of these streams. Two· bluff diversion ditches 
and levees are designed; one starting at the bluff near the center of sec. 
16, T. 4 N., R. 11 W., 2d P. M., running thence in a general south-
easterly direction, and the other beginning near the north line of sec. 4, 
T. 3 N., R. 10 W., 2d P. M., running thence· in a general westerly direc-
tion to its junction with the first-named diversion ditch, near the east 
line of sec. 2, T. 3 N., R. 11 W., 2d P. M. From this p·oint the waters 
collected by these ditches ·will be ·carried by a ditch between two levees, 
following substantially the present location of Allison drainage ditch 
No. 1, to an outlet into the E'mb_arrass river near its riwuth at the 
Wabash. This system of diversion ditches and levees will divert practic-
a.lly all of the hill drainage, which would otherwise enter the district and 
require additional pumping. · 
By this plan there would be pumped, whenever pumping were nece~-­
sary, the dra.inage water from approximately 28,000 acres. 
The ditch carrying the hill wa.ters from the junction of the diversion 
ditches through the district to the Embarrass river, as described in a 
preceding paragraph, divides the district into two, parts, one lying ea8t 
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and the other west of it. It is proposed to place one pumping plant 
west of the ditch in ~he lower end of the larger teuitory and drain the 
territory east of the ditch by a "drainage culVert" under the diversion 
ditch and its levees; thereby conducting an of the interior drainage 
wate~ to the one pumping plant. 
The average height of the proposed Wabash river levee is 8.5 feet. 
The average hejght of the proposed Embarrass river levee is 11.7 feet. 
The estimated cost of the local work for prorection from overflow of 
this drainage unit is as follows: 
Cu. Yds. 
Wabash river levee . . . . . . . . . . . . . . . . . . . . . . . . . 262000 
Embarrass river levee . . . . . . . . . . . . . . . . . . . . . . 612000 
Brushy creek levee......................... 60400 
Bluff ditch and levee ........................ 1,010000 
1,944400 @ 12%c = $243050.00 
$2'43050.00 -7- 23100 (acres) = $10.52 per acre. 
Dmrina.ge Unit No.3, containing 19,300 acres on the right bank of the 
Embarrass river, extends from L.awrenceville, Illinois, in a northwesterly 
direction, a distance of about sixteen miles, to a point about one mile 
from Big creek, and has a width of from one-half mile to five miles. 
For this district there is designed a levee along the Embarrass river 
to protect the district from overflow by the flood waters of this stream. 
Muddy creek, having a drainage area of approximately seventy square 
miles, enters this district. There is designed a channel ana. protection 
levee diverting the waters of this stream from where it enrers the bottom 
lands, substantially along th base of the bluff in an easterly and south-
easterly direction, to an outlet into the Embarrass river just northwest 
of Lawrenceville. · No other bluff diversion ditch has been designed for 
this district. All the interior drainage, except that from approximately 
1,000 acres at the extreme lower end of the district, will be taken by a 
gravity outlet ditch and levee, beginning near the Embarrass river levee 
at a point about six miles above the lower e~d of the district; thence 
along the Embarrass river levee to an outlet into the river at the lower 
end of the district. This "gra;vity outlet" ditch will afford gravity 
drainage for all of the district abo>ve a point about four miles from the 
lower end of the district. This lower part of the district, for which no 
gravity outlet is provided and from which the waters will need to, be 
pumped, comprises about 1,000 acres. 
Bridgeport Corners, near the southerly edge of this district, is in 
the heart of the Lawrence county oil field, and much of the territory of 
this district is now included in these extensive oil field operations. 
The average height of the proposed Embarrass river levee is 9.4 feet. 
The estimated cost of the local work for pro,tection from overflow, and 
for gravity outlet ditch for this drainage unit, is as follows: 
Cu. Yds. 
Embarrass river levee . . . . . . . . . . . . . . . . . . . . . . 692100 
Muddy creek levee . . . . . . . . . . . . . . . . . . . . . . . . . 414100 
Gravity outlet ditch and levee 
1,106700 @ 12%c = $138275.00 
399700 @ 12%c = 49962.50 
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$138275.00--;- 19300 (acres) = $7.16, average cost per acre for overflow pro-
tection. 
$49962.50--;- 18300 (acres) = $2.73, average cost per acre for gravity outlet 
ditch. 
Draina:ge Unit No. 4, containing 3,325' acre8, on the left bank of the 
Emba.rrass river, averages about one and one-half miles wide and extends 
from Brushy creek in a northwesterly direction, a distance of about five 
and one-half miles to Westport, Lawrence county, Illinois. 
For this district there is designed a levee along the Emba.rrass river, 
and a bluff diversion ditch and levee, beginning about one-half mile south 
of Westport and extending substantially along the base of the bluff in a 
southeasterly direction to Brushy creek, from which point the levee 
continues in a southerly direction along Brushy creek to a junction with 
the Embarrass river levee. This system of protection levees with the 
diversion ditch reduces the area from which the water will need to be 
pumped, when pumping is necessary, to the exact area of the district, 
3,325 acres. 
The average height of the proposed Embarrass river levee is 9.1 feet. 
The estimated cost of the local work for protection from overflow of 
this drainage unit is as follows : 
Cu. Yds. 
Embarrass river levee ...................... 212200 
Brushy creek levee . . . . . . . . . . . . . . . . . . . . . . . . . 69200 
Bluff ditch and levee . . . . . . . . . . . . . . . . . . . . . . . 98200 
379600 @ 121hc = $47450.00 
$47450.00--;- 3325 (acres)= $14.27, average cost per acre. 
Drainage Unit No. 5, containing 1,525 acres, on the right bank of the 
Embarrass river, averages one mile wide and extends from a point about 
one-half mile above Cow. Ford bridge, a distance of about three miles, 
in a westerly direction to a point opposite Rafetown, where the E'm-
barrass river leaves the bluffs on the westerly side of the bottom lands: 
For this drainage unit there is designed a levee along the Embarrass 
river, and a bluff diversion ditch and levee, beginning at a point about 
one-half mile southerly from the upper end of the district, and running 
then~e substantially along the base of the bluffs to an outlet at the lower 
end of the district, where the diversion ditch levee joins the river 
levee. This diversion ditch, in addition to diverting the smaller hill 
drainage, will also form a new channel for and divert the waters of 
Calfkiller creek. 
The area from which water will need to be pumped, when such pump- . 
ing is necessary, will be restricted to the area of the district, which is 
about 1,525 acres. -
The average height of the proposed Embarrass river levee is 10.7 .feet. 
The estimated cost of the local work for protection from overflow of 
this Drainage unit is as follows : 
Cu. Yds. 
Embarrass river levee ...................... 137200 
Bluff ditch and levee . . . . . . . . . . . . . . . . . . . . . . . 140800 
278000 @ 12lhc = $34750.00 
$34750.00--;- 1525 (acres)= $22.79. average cost per acre. 
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Drainage Unit No. 6~ containing 5,550 acres, along the left bank of 
the Embarrass river, averages about one and one-ha.lf miles wide, and 
extends from Big creek, a distance of about six miles, in a southwesterly 
direction to a point where the Embarrass river leaves the point of bluff, 
about one mile west of Cow Ford bridge. 
For this district the-re are designed a protection levee along the Em-
barrass river, a diversion channel and levee for Big creek, and a bluff 
diversion ditch and levee, beginning about two miles northerly from the 
southwesterly end of the district, and following substantially along the 
base of the bluff to an outlet into the diversion channel for Big creek at 
a point about midway of the easterly side of the district, where the levee 
will join the protection levee for Big creek. The part of the proposed 
Big creek channel, which lies northerly of the junction of the bluff diver-
sion ditch, will have a protection levee closing on the bluff at the north· 
erly end, and from the southerly end of this part of Big creek levee, a 
levee will run westerly along the northerly side of the bluff diversion 
ditch and will close on the ditch in sec. 31, T. 6 N., R. 13 W., 2d P. M. 
This system of levees will isolate part of the Big creek bottoms from the 
main body of Drainage Unit No. 6 and the drainage of this isolated part 
will be effected by a "drainage culvert" under the bluff diversion ditch 
and its levee at a point near the east quarter corner of said section 31. 
This syst€m of diversion ditches will exclude from the district most 
of the hill drainage; and the undiverted hill waters entering the district 
will probably not add more than two or three square miles to the drain-
age area of the unit. 
The average height of the proposed Embarrass river levee for this 
drainage unit is 8.9 feet. 
The estimated cost of the local work for protection from overflow of 
this drainage unit is as follows: · 
Cu. Yds. 
Embarrass river levee . . . . . . . . . . . . . . . . . . . . . . 250300 
Big creek levee ·. . . . . . . . . . . . . . . . . . . . . . . . . . . . 218100 
Bluff ditch and levee .............. ; . . . . . . . . 2'81500 
749900 @ 12%c = $93737.50 
$93737.50 + 5550 (acres)= $16.89, average cost per acre. 
Drainage Unit No. 7~ containing 3,440 acres, has a variable width of 
from one-half to two and one-half miles, and extends along the right 
bank of the Embarrass river from just north of the Rafetown highway 
bridge in a northe-rly direction to Sa,inte Marie, Jasper county, a distance 
of about five miles. 
For this ·district a protection levee along the Embarrass river, and a 
bluff diversion ditch and levee are designed. The bluff diversion ditch 
· and levee begin at the bluff about one-half mile belo·w Sainte Marie, and 
extend in a southerly direction substantially along the base of the bluff 
to an outlet into the Embarrass river at the lower end of the district. 
As designed, this district will receive no waters from hill drainage, 
and only the immediate area of the district of 3,440 acres will have to be 
provided for in the pumping plant, if any is required for this drainage 
unit. 
The average h-eight of the proposed Embarrass river levee is 10.3 feet. 
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The estimated cost of the local work for protection from overflow of 
this drainage unit is as follows: . · 
Cu. Yds. 
Embarrass river levee ...................... · 309600 
Bluff ditch and levee . . . . . . . . . . . . . . . . . . . . . . . 189000 
498600 @ 12lhc == $62325.00 
$62325.00-;- 3440 (acres) == $18.12, average cost per acre. 
Drainage Unit No. 8~ containing 1,485 acres, along the left bank of 
the Embarrass river, averages from one-half to one mile wide, and ex-
tends from the point where the river strikes the point of bluff, about one 
and one-half miles southeast of Rafetown highway bridge, in a northerly 
direction a distance of about three and one-half miles. 
For this district there is designed a protection levee along the Em-
barrass· river. 
Drainage Units Nos. 8 and 6 are separated by a point of bluff extend-
ing south to the Embarrass river. This point is narrow and tapers down 
to less than one-half mile wide at its southernmost extremity. This 
formation of the bluff line prevents much hill drainage from entering 
the bottom la:Q.ds of Draina.ge Unit No. 8; and consequently no bluff 
diversion ditch has been designed for this district. 
The average height of the proposed Embarrass river levee is 9.3 feet. 
The estimated cost of the local work for the protection from overflow 
of this drainage unit is as follows: 
Embarrass river levee ............... 159300 Cu. Yds. @ 12lhc == $19912.50 
$19912.50-;- 1485 (acres) == $13.41, average cost per acre. 
Drai1W{Je Unit No. 9~ containing 2,200 acres, on the right bank of the 
Embarrass river, averages one mile in width and extends from just above 
Sainte Marie, a distance of about three and one-half miles in a north-
westerly direction to a point where the Embarrass river leaves the bluffs 
on the westerly side of the bottom lands. 
For this district there is ~esigned a protection levee along the Em-
barrass river, and a bluff diversion ditch and levee, beginning near the 
upper end of the district and extending thence in a southeasterly direc-
tion, substantially along the base of the bluffs, to an outlet into the 
Embarrass river at the lower end of the district. This bluff diversion 
ditch will intercept all of the drainage that would otherwise enter the 
district. 
The average height of the proposed Embarrass river levee is 10.2 feet. 
The estimated cost of the local work for protection from overflow of 
this drainage unit is as follows: 
Cu. Yds. 
l!.mbarrass river levee . . . . . . . . . . . . . . . . . . . . . . 244600 
Bluff ditch and levee . . . . . . . . . . . . . . . . . . . . . . . 120900 
365500 @ 12lhc == $45687.50 
$45687.50 :-7- 2200 (acres) == $20.77, average cost p,er acre. 
Drainage Unit No. 10, containing 850 acres, on the left bank of the 
Embarrass river, extends from a point about one-half mile below Sainte 
Marie to a point about one-half mile above Sainte Marie, Jasper county. 
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The Chicago Division of the Chicago, Hamilton and Dayton Railroarl 
through Sainte Marie traverses the westerly end of this district in a 
general north and south direction. 
For this district a protection levee along the Embarrass river has been 
de i~ed. No bluff diversion ditch is deemed feasible for this district. 
The average height of the proposed Embarrass river levee is 10.7 feet. 
The estimated cost of the local work for protection from overflow of 
this drainage unit is as follows: 
Embarrass river levee . . . . . . . . . . . . . . . 101100 Cu. Yds. @ 12%c == $12637.50 
$12637.50--;- 850 (acres)== $14.87, average cost per acre. 
Drainage Unit No. 11) containing 580 acres, has a frontage of less 
than than one mile on the right bank of the Embarrass river, about two 
miles below Newton, Jasper county. 
A protection levee along the Embarrass has been designed for this 
district. No streams enter this district from the hills, and, owing to the 
great length of bluff line for so mall an area, a bluff diversion ditch and 
levee has not been deemed fea ible for this district. 
The average height of the proposed Embarrass river levee is 10.9 feet. 
The estimated cost of the local work for protection, from overflow, of 
this drainage unit is as follows: ' 
Embarrass river levee . . . . . . . . . . . . . . . . . 50700 Cu. Yds. @ 12%c == $6337.50 
$6337.50--;- 580 (acres)== $10.93, average cost per acre. 
Drainage Unit No. 12) containing 785 acres, has an average width of 
about one-half mile along the left bank of the Embarrass river, and 
extends from the mouth of Crooked creek, westerly for a distance of 
about two miles. 
The Indianapolis Line of the Illinois Central Railroad traverses the 
northern edge of this district in a general east and west direction. 
For this district there is designed a protection levee along the Em-
barrass river, and a diversion channel and protection levee for Crooked 
creek. 
The average height of the proposed Emoarrass river levee is 9.2 feet. 
The estimated cost of the local work for protection from overflow of 
this drainage unit is as follows: 
Cu. Yds. 
Embarrass river levee . . . . . . . . . . . . . . . . . . . . . . 98600 
Crooked creek levee ........................ 116900 
215500 @ 121hc == $26937.50 
$26937.50--;- 785 (acres) == $34.32, average cost per acre. 
Drainage Unit No. 13) containing 2,515 acres has an average width of 
about one mile along the right bank of the Embarrass river, and extends 
from a point about three miles above Newton, Jasper county, northerly 
for a distance of about :five miles. 
There are designed for this district a protection levee along the 
Embarrass river, and a bluff diversion ditch and levee, beginning at. the 
bluffs near the center of sec. 3, T. 7 N., R. 9 E ., 3rd P. M., and extend-
ing in a general southerly and easterly direction, following substantially 
the base of the bluffs to an outlet into the Embarra s river at the lower 
THE PLAN. 33 
end of the district. This bluff ditch is deaigned to divert nearly all of 
the immediate hill drainage, together with the waters from Mint and 
Turkey creeks. 
The average height of the proposed Embarrass river levee is 9.0 feet. 
The estimated cost of the local work for protection from overflow 
of this drainage unit is as· follows: 
Cu. Yds. 
Embarrass river levee . . . . . . . . . . . . . . . . . . . . . . 199800 
Bluff ditch and levee . . . . . . . . . . . . . . . . . . . . . . . 128700 
328500 @ 12lhc = $41062.50 
$41062.50 ...;- 2515 (acres) = $16.33, average cost per acre. 
Drainage Unit No. 14~ containing 1,900 acres along the left bank of 
the Embarrass river, averages about three-quarters of a mile wide and 
extends from .a point about two miles below Newton, Jasper county, a 
distance of about six miles in a northwesterly direction to a point about 
four miles above Newton. 
The Evansville Line of the Illinois Central Railroad through New-
ton traverses this district in a general north and south direction. 
A protection levee along the Embarrass river, and a bluff diversion 
ditch and levee are designed for this district. The bluff diversion ditch 
begin~ at the bluff at the northerly end of the district, and runs thence 
in a southeasterly direction ubstantially along the base of the bluff, a 
distance of about six miles to an outlet into the Embarrass river at the 
lower end of the district. 
The average height of the proposed Embarrass river levee is 9.8 feet. 
The estimated cost of the local work for protection, from overflow, 
of this drainage unit is as follows: 
Cu. Yds. 
Embarrass river levee ·..... . . . . . . . . . . . . . . . . . 272200 
Bluff ditch and levee ....... •. . . . . . . . . . . . . . . . 187800 
460000 @ 12·~c = $57500.00 
$57500.00 ...;- 1900 (acres) = $30.26, average cost per acre. 
Drainage Unit No. 15, containing 1,940 acres on the right bank of 
the Embarrass river, averages about one mile wide and extends from 
Hill creek, a distance of about three and one-half miles, in a northerly 
direction to a point about one mile above the mouth of Range creek. 
There are designed for this district a protection levee along the 
Embarrass river, and a bluff diversion ditch and levee, beginning near 
the northerly end of the district and extending in a .southerly direction, 
substantially along the base of the bluffs, a distance of about four miles,. 
to an outlet into the Embarrass river at the lower end of the district. 
This bluff diversion ditch will divert the waters of Hill creek and all 
the immediate hill drainage, which wo~d otherwise enter this district. 
The average height of the proposed Embarrass river levee is 9.6 feet. 
The estimated cost of the local work for protection, from overflow, of 
this drainage unit is as follows: 
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Cu. Yds. 
Embarrass river levee .................. :. . . 165900 
Bluff ditch and levee . . . . . . . . . . . . . . . . . . . . . . . 58300 
224200 @ 12%c = $28025.00 
$28025.00 --;-. 1940 (acres) = $14.45, average cost per acre. 
Drainage Unit No. 16} containing 1,480 acres along the left bank of 
the Embarrass river, has an average width of about one-half mile and 
extends from a point about one mile below Lick creek, a distance of 
about four and one-half miles, in a northerly direction to a point about 
one mile above Hill creek. 
For this district there are designed a protection levee along the Em-
barrass river, and a bluff diversion ditch and levee, beginning at the 
bluff near the northerly end of the district, and extending thence in a 
southerly direction substantially along the base of the blnff, a distance 
()I about five miles to an outlet into the Embarrass river at the lower 
end of the district. 
The average height of the proposed Embarrass river levee is 8.5 feet. 
The estima.ted cost of the local work for the protection, from overflow 
of this drainage unit is as follows: 
Cu. Yds. 
Embarrass river levee . . . . . . . . . . . . . . . . . . . . . . 159600 
Bluff ditch and levee . . . . . . . . . . . . . . . . . . . . . . . 74700 
234300 @ 12%c = $29287.50 
$29287.50--;-. 1480 (acres) = $19.79, average cost per acre. 
Drainage Unit No. '17} containing 1,430 acres, on the right bank of 
the Embarrass · river, averages about one-half mile wide and extends 
from the mouth of Muddy creek, a distance of about three and one-
half miles, in a northeasterly direction, to a point about one and three-
quarter miles southwest of Greenup, Cumberland county. 
For this district there are designed a protection levee along the Em-
barrass river, and a bluff diversion ditch and levee, beginning at the 
bluffs about one mile southwesterly from the upper end of the district, 
and_ running thence in a southwesterly and southerly directi9n sub-
stantially along the base of the bluff, a distance of about three and one-
half miles, to an outlet into Muddy creek at the lower end of the 
district. 
The average height of the proposed Embarrass river levee is 9.5 feet. 
The estimated cost of the local work for protection from overflow of 
this drainage unit is as follows: 
Cu. Yds. 
Embarrass river levee ·...................... 160800 
Bluff ditch and levee . . . . . . . . . . . . . . . . . . . . . . . 98400 
259200 @ 12"%c::;:;:::: $32400.00 
· $32400.00--;-. 1430 (acres)= $22.66, average cost per acre. 
Drainage Unit No. 18} containing 1,215 acres, has an average width 
of one-half mile along the left bank of the Embarrass river, and extends 
from a point about one-half mile below the mouth of Range creek, a 
distance of about three miles in a northwesterly direction to a point oppo-
site the mouth of :Muddy creek. 
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For this drainage unit there is designed a protection levee along the 
Embarrass river, and a bluff div-ersion ditch and levee, beginning at the 
bluff near the northerly end of the district, and extending thence in a 
southerly, westerly, and southeasterly direction, · a distance of about 
three miles, to an outlet into the Embarrass river at the lower end of 
the district. This diversion ditch, in addition to diverting most of the 
immediate hill drainage, will intercept the waters of Range creek, 
which has a drainage area of approximately sixty-five square miles. 
The average height of the proposed Embarrass river levee is 9.6 feet. 
The estimated cost of the local work for protection, from overflow, of 
this drainage unit is as follows: 
Cu. Yds. 
Embarrass river levee . . . . . . . . . . . . . . . . . . . . . . 155300 
Range creek levee ............... : . . . . . . . . . . 51000 
Bluff ditch and levee . . . . . . . . . . . . . . . . . . . . . . . 42000 
248300 @ 12:lhc = $31037.50 
$31037.50-;- 1215 (acres) = $25.55, average cost per acre. 
Drainage Unit No. 20, containing 850 acres, on the left bank of the · 
Embarrass river, averages about one-half mile wide and extends from 
a point where the river strikes the bluff on the easterly side of the bot-
tom lands, .near the northwest corner of sec. 22, T. 9 N., R. 9 E., 3rd 
P. M., a distance of about two miles in a northeasterly direction, to a 
point where the river leaves the bluffs on the easterly side of the bottom 
lands about three-fourths of a mile above Greenup, Cumberland county, 
Illinois. 
The Evansville Line of the Illinois Central Railroad and the .Penn-
sylvania Railroad cross the northerly end of this drainage unit, these 
railroads crossing one another in the town of Greenup, Cumberland 
county. 
For this district there is designed a protection levee along the 
Embarrass river, and a bluff diversion ditch and levee, beginning at the 
bluffs near the town of Greenup, and extending thence in a south-
westerly direction, a distance of about two and one-half miles, .to an 
outlet into the Embarrass river at the lower end of the district. 
· The average height of the proposed Embarrass river levee is 12.4 
feet. 
The estimated cost of the local work for protection, from overflow, of 
this drainage unit is as follows: · 
Cu. Yds. 
Embarrass river levee ...................... 197600 
Bluff ditch and levee . . . . . . . . . . . . . . . . . . . . . . . 29000 
226600 @ 12lhc = $28325.00 
$28325.00-;- 850 (acres) = $33.32, average cost per acre. 
Drainage Unit No. 19, containing 1,070 acres, extends from the left 
bank of the Embarrass river, with an average width of about three-
quarters of a mile, a distance of about three miles in a northerly direc-
tion along the right bank of the North Fork of the Embarrass to a point 
about one mile below Hickory creek. 
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For this drainage unit there are designed protection levees along the 
Embarrass river and North Fork. No bluff diversion ditch has been 
designed for this district, as the hill drainage area entering the district 
is small. 
The average height of the proposed Embarrass river levee is 9.4 feet. 
The average height of the proposed N0rth Fork levee is 10.0 feet. 
The estimated cost of the local work for protection, from overflow, of 
this drainage unit is as follows: 
Cu. Yds. 
Embarrass river levee . . . . . . . . . . . . . . . . . . . . . . 15200 
North Fork levee . . . . . . . . . . . . . . . . . . . . . . . . . . 130200 
145400 @ 12lhc = $18175.00 
$18175.00--;- 1070 (acres)= $16.99, average cost per acre. 
Drainage Unit No. 21, containing 550 acres, has an average width of 
about one-half mile along the right bank of the North Fork, and extends 
from a point about one mile northeasterly from the mouth of Hickory 
creek, a distance of about one and one-half miles in a northeasterly 
direction to a point about a quarter of · a mile south of the Indianapolis 
Line of the Illinois Central Railroad, where the said railroad crosses 
the North Fork. 
For this district there is designed a protection levee for the North 
Fork and a bluff diversion ditch, beginning at the bluff near the northerly 
end of the district and running thence substantially along the base of 
the bluff in a southwesterly direction to an outlet into the North Fork 
at the lower end of the district. 
The average height of the ·proposed North Fork levee iH 9.4 feet. 
The estimated .cost of the local work for protection, from overflow, of 
this drainage unit, is ·as follows : 
Cu. Yds. 
North Fork levee ....... : .............. : . . . 83800 
Bluff ditch and levee . . . . . . . . . . . . . . . . . . . . . . . 22700 
106500 @ 12lhc = $13312.50 
$13312.50 --;- 550 (acres) = $2'4.20, average cost per acre. 
Drainage Unit No. 22, containing 575 acres on the left bank of the 
North Fork, has an average width of about one-half mile and extends to 
a point about one and one-half miles below Hickory creek, a distance of 
about two miles in a northeasterly direction. 
For this drainage unit' there is designed a protection levee along the 
North Fork, and a bluff diversion ditch and levee, beginning at the bluff 
near the upper end of the district and extending thence in a south-
westerly direction substantially along the base of the bluff, a distance 
of about two miles to an outlet into the North Fork at the lower end of 
the district. 
The average height of the proposed North Fork levee is 10.9 feet. 
The estimated cost of the local work for protection, from overflow, of 
this drainage unit is. as follows: 
THE PLAN. 
. Cu. Yds. 
North Fork levee . . . . . . . . . . . . . . . . . . . . . . . . . . 132600 
Bluff ditch and levee . . . . . . . . . . . . . . . . . . . . . . . 46600 
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179200 @ 12%c = $22400.00 
$22400.00 ...;- 575 (acres) = $38.96, average cost per acre. 
Drainage Unit No. 23~ containing 1,600 acres on the right bank of 
the North Fork, has an average width of about one-half mile and extends 
from a point about two miles above the mouth of Panther creek, a 
distance of about four miles, in a northeasterly direction to a point about 
one-quarter mile north of the line between Clark and Crawford counties. 
For this district there is designed a protection levee along the North 
Fork. 
No bluff diversion ditch has been designed for the reason that at 
numerous places along the bluff, fronting this district, points of high 
land exteni into the bottom and approach closely to the river and thus 
would necessitate a location of great length and consequent excessive 
·cost. 
The average height of the proposed North FOTk levee is 7.3 feet. 
The estimated cos-t of the local work for protection, from overflow, of 
this drainage unit is as follows: · · 
North Fork levee . . . . . . . . . . . . . . . . . . . 124900 Cu. Yds. @ 12'%c = $15612.50 
$15612.50 ...;- 1600 (acres) = $9.76, average cost per acre. 
Drainage Unit No. 24~ containing 750 acres, has an average width 
of about one-half .mile, and extends from the mouth of Willow creek 
along the left bank of the North Fork, in a northwesterly direction for 
a distance of about two and one-half miles to a point east of the high- . 
way bridge in the NE 1;4, sec. 15, T. 1' N., R. 14 W., 2nd P. M. 
For this drainage unit there are designed protection levees along the 
North Fork and Willow creek, to protect the district from overflow by 
the waters of these streams. The Willow creek levee begins near the 
north line of sec. 23, T. 7 N., R. 14 W., 2nd P. M., and extends in a 
southerly direction to its junction with the North Fork levee at the 
lower end of the dist;rict, a distance of about one and one-half miles. 
The average height of the proposed North Fork levee is 8.2 feet. 
The estimated cost of the local work for the protection, from overflow, 
of this drainage unit is as follows: 
Cu. Yds. 
North Fork levee . . . . . . . . . . . . . . . . . . . . . . . . . . . 90500 
Willow creek levee . . . . . . . . . . . . . . . . . . . . . . . . . 42700 
133200 @ '12%c = $16650.00 
$16650.00 ...;- 750 (acres)= $22.50, average cost p,er acre. 
Drainage Unit No. 25, containing 500 acres, has an average width of 
about one-half mile and extends along the right bank of the North Fork, 
from a point about one-half mile north of the line between Clark and 
Crawford counties, northerly a distance· of about one and one-half miles 
to a point at the bluff just west of the highway bridge one mile south-
east of Moriah, Clark county. 
For this district there is designed a protection levee along the North 
Fork, and also a bluff diversion ditch and levee, beginning at the bluff 
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just north of where ~!founts Branch enters the lowland, and extends in 
a southerly direction, substantially along the base of the bluff, a dis-
tance of about one and one-quarter miles to an outlet into the North 
Fork at the lower end of the district. This bluff ditch is designed to 
divert nearly all of the immediate hill drainage, and also as a new chan-
nel for Mounts Branch, which drains a territory of about twenty pquare 
miles. 
The average height of the proposed North Fork levee is 8.3 feet. 
The estimated cost of the local work for protection, from overffow, 
of this drainage unit is as follows : 
Cu. Y~s. 
North Fork levee . . . . . . . . . . . . . . . . . . . . . . . . . . 55900 
Mounts Branch levee . . . . . . . . . . . . . . . . . . . . . . . 22800 
78700 @ 121f2c = $9837.50 
$9837.50--;- 500 (acres) = $19.67, average cost per acre. 
Drainage Unit No. 26~ containing 1,170 acres, averages about one-
half mile wide, and extends from a point about two and a quarter miles 
southeasterly of Panther creek along the left bank of the North Fork, 
in a northerly direction, for a distance of about four and one-half 
miles to a point about two and a quarter miles above the mouth of 
Panther creek. 
For this district there is designed a protection levee along the North 
Fork, and also a bluff diversion ditch and levee, which begins about one-
quarter mile from the northerly end of the district and extends sub-
stantially along the base of the bluffs in a southerly direction to an 
outlet into the North Fork at the lower end of the district. This ditch 
diverts all the hill drainage waters that would otherwise enter the 
district. 
The average height of the proposed North Fork levee is 8.5 feet. 
The estimated cost of the local work for the protection, from overflow~ 
of this drainage unit is as follows: 
Cu. Yds. 
North Fork levee . . . . . . . . . . . . . . . . . . . . . . . . . . 146100 
Bluff ditch and levee ..................... .'. 81200" 
227300 @ 12%c = $28412'.50 
$28412.50 --;- 1170 (acres) = $24.28, average cost per acre. 
ESTIMATES OF COST. 
DIVISIONS OF CONSTRUCTION WORK. 
. The construction work necessary in the reclamation qf the lands sub-
ject to overflow in the Embarrass river valley is divided as follows: 
( 1) The maip. channel cut-offs for the Embarrass river; ( 2) the main 
channel cut-offs for the North F9rk; ( 3) the Waba.sh river levees; ( 4) 
the Embarrass river levees; ( 5) the North Fork levees; ( 6) the tribu-
tary stream channels and levees; ( 7) the bluff diversion ditches and 
levees; ( 8) the gravity-outlet ditches and levees. For purposes of ad-
ministration and distribution of cost, this work should be divided into 
two general classifications, as follows: 
i • 
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First. As a general improvement, correction and straightening, by 
cut-offs, of the channels of the Embarrass river and the North Fork. 
The cost of this portion of the work should be charged against all the . 
land in the valley which is subject to overflow. 
Second. As local improvements, the levees protecting each drainage 
unit from overflow; the channels for such tributary streams as directly 
affect the territory, and against which such drainage unit must protect 
itself; the bluff diversion ditches; the gravity-outlet ditches; and all 
the interior drainage ditches and pumping plants necessary for such 
drainage units. The cost of the various items of this portion of the 
work should be charged against all the lands benefited in the drainage 
units for which said work is constructed. 
GENERAL EsTIMATES OF CosT. 
On foregoing pages will be found a dstailed description of the drain-
age units, and the estimated cost of the work necessary for ·their pro-
tection against overflow. Table No. 28 of the appendix shows the 
average cost (exclusive of river straightening and interior drainage) 
per acre, for protection against overflow for the various drainage units. 
Tables Nos. 26 and 27, of the appendix, give the estimated cubic 
yards of excavation and embankment required for the improvements, 
under the headings hereinbefore mentioned. These tables show the 
total amount of excavation for the Embarrass river cut-offs to be 
2,876,000 cubic yards, and for the North Fork cut-offs 226,000 cubic-
yards, making a total for river cut-offs of 3,102,000 cubic yards. The 
levees along the Wabash, the Embarrass and the North Fork, tota] 
5,593,600 cubic yards. The tributary stream channels and levees, the 
bluff diversion ditches and their levees, and the gravity outlet ·ditches 
and their levees, total 4,196,300 cubic yards. This makes a grand total 
of 12,891,900 cubic yards of excavation and embankment. The re-
quirements for widths of floodway preclude the practicability of using 
any of the excavated material, from the cut-offs, in the· construction of 
the levees along the main stream, and in preparing the estimates it has 
been considered that these levees must be built entirely _independent 
of and, in most cases, remote from the channel cut-offs. 
For the tributary streams and levees, and the bluff diversion ditches. 
and levees, the channel and its levee have been regarded as a unit, and 
the excavated material can be largely used in the construction of the. 
levee. In most cases this becomes, for . estimate purposes, a matter of 
levee only, as the excavation necessarily made in constructing the leyee 
will be sufficient channel for any ordinary run-off, and for the maximum 
run-off the locations can be made at such distance from the bluff as to 
furnish ample floodway. The estimates are based on the above con-
siderations. 
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A general estimate of the cost is as follows : 
Embarrass river channel-
2,876,000 Cu. Yds. @ 8c ......................... $230,080.00 
North Fork channel-
226,000 Cu. Yds. @ 8c . . . . . . . . . . . . . . . . . . . . . . . . . . 18,080.00 
Cost of general improvement . . . . . . . . . . . . . . . . . . . . . . . . . $ 248,160.00 
Wabash river levees-
485,200 Cu. Yds. @ 12:lhc ....................... $ ·60,650.00 
Embarass river levees-
4,344,400 Cu. Yds. @ 12lhc ..................... 543,050.00 
Tributary streams and bluff ditch channel and levees 
for Embarrass-
3,710,800 Cu. Yds. @ 12:lhc ................... 463,850.00 
Cost of protection from overflow for drain- • 
age units on Embarrass . . . . . . . . . . . . . . . . . . . . . . . . . . 1,067,550.00 
North Icork levees-
633,800 Cu. Yds. @ 1Z:lhc ....................... $79,225.00 
'Tributary streams anO. bluff ditch channel and levees 
for North Fork-
216,000 Cu. Yds. @ 121hc . . . . . . . . . . . . . . . . . . . . . 27,000.00 
Cost of protection from overflow for drain-
age units on North Fork ........................ . 
.Add 20 per cent for right of way, contingencies, engineer-
ing, administration, etc ............ : .................. . 
Total 





The cost of the channel cut-offs of the Embarrass river and the North 
.Fork, as hereinabove set forth, is $248,160.00, and there will .be 83,785 
·acres directly benefited thereby · when the levee shall have been con-
structed. In addition to this, there are about 24,830 acres of overflow 
lands which will not be reclaimed, but will lie in the floodway between 
the levees and in the narrow portions of valley which would not pay for 
IJ.eveeing. These narrow portions of the valley may, in some localities, 
;be benefited by the correction of the channel, but, as a basis ·of averaging 
the cost for this report, there has been considered only the amount of 
\land which is proposed to be leveed and fully protected from overflow. 
The average cost, therefore, of river channel correction in the Em-
barrass and the North Fork of the Embarrass will be $248,160.00~ 
.83,758 (acres)=$2.96 (or say $3.00) per acre. This portion of the work 
should be carried out as a single improvement, so that when the upper· 
portion of the river is straightened and the water is brought down more 
rapidly, the lower reaches of the river channel will also be improved so 
.as to carry the floods through to the Wabash more quickly. 
The cost of the levees and diversion ditches for the protection from 
'()Verflow by the main rivers and hill streams amounts to $1,173,77 5.00, 
which distributed over 83,785 acres gives an average cost for protectiol\ 
from overflow of $14,00 per acre. This portion of the work should be 
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divided among the 26 separate drainage units, and each unit should pay 
for its own protection from overflow. The cost for each unit is shown 
in Table No. 28, on page 61 of the appendix. 
Drainage Unit No. 3 is designed for a gravity outlet for all except 
about 1,000 acres, as hereinbefore fully detailed. Most of the other 
drainage units will require pumping plants to give complete and 
thorough drainage to all of the lands within such unit. However, many 
of the units are small and the construction of the . pumping plants in 
the smaller and up-stream units may be deferred until after the correc-
tion of the river channels and the construction of protection levees. 
The Districts Nos. 1 and 2 would doubtless find it economical to provide 
for and construct pumping works at the same time that the protection 
from overflow is constructed. 
Much of this area is already provided with a partial gravity drainage 
system, many ditches having been C()nstructed. Additional ditches for 
the interior drainage of the units will be required, and the cost thereof 
will average about $3.00 per acre. The cost of pumping plant, where 
installed, will average about $5.00 per acre. Some of the larger drain-
age units may construct their pumping plants for less cost, and in some 
of the smaller units the pumping plants will cost something over the 
average price per acre. When the streams are low all these low lands 
will drain naturally if adequate drainage ditches ~re constructed. 
Sluices, or outlet pipe~, must be constructed through the levees with 
suitable gates, which may be closed when the water is up in the river 
to prevent the river water from entering, and opened so as to provide 
gravity drainage when the river is low. 
Summing up the whole estimated cost of this proposed reclamation, 
we find as follows : 
Per acre. 
River channel correction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $ 3.00 
Protection from overflow .................. :. . . . . . . . . . . . . . . . . . . . . . 14.00 
Completion of interior drainage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.00 
Pumping plants where necessary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.00 
Total average cost of reclamation works . :. . . . . . . . . . . . . . . . . . . . $25.00 
Add for organization, administration and incidental expenses, 20 
per cent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.00 
Making total probable average cost, including all expenses. . . . . . $30.00 
CONCLUSIONS AND RECOMMENDATIONS. · 
From these investigations we find the following conclusions and recom-
mendations: 
First. That a large amount of fertile land lying iii the Embarrass 
river valley, subject to overflow, and comparatively useless for agri-
cultural purposes, may be reclaimed and made ~vailable for profitable 
farming. · 
Second. That the benefits to be derived from the improvements of 
these lands will be in excess of the cost, and for many of the drainage 
units the cost will be very much less than the benefits. 
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Third. That a drainage and levee district should be organized, in-
cluding that portion of the Embarrass river valley which is covered by 
this report. The officers for this district to have charge of the channel 
corrections and of the local work of each drainage unit. 
Fou(J'th:. That the legislature of the State be requested to enact a 
workable law under which such an organization may be effected. Such 
a law should provide that the general improvement of correcting the 
river channel might be charged as a cost to all the lands which would 
be benefited thereby, and that the improvements for protection from 
overflow and for interior drainage might be charged wholly to the lands 
within the drainage unit so protected, and that the carrying out of the 
local improvements for each drainage unit should be a matter to be 
determined independently of the work of any other drainage unit. 
Fifth. That the correction of the main channel should be carried 
out as a whole, .and with as much expedition as possible after it has been 
undertaken. The protection from overflow of each drainage unit, and 
the interior drainage thereof, which would include ditches and pumping 
station, where necessary, could be done progressively. 
Large portions of this land are still in timber and if the protection 
from overflow were provided, the construction of the interior ditches and 
pumping plants might be deferred, in some cases, for two or three years, 
in order to enable the owners of the land to clear the timber and put 
into cultivation the higher portions before being required to pay the 
full taxes, or interest on the full taxes, for the complete work. 
The conditions in each drainage unit should govern as to whether the 
whole of the local work, or only a portion of it should be carried out 
at one time. In any case, however, if the protection from overflow of 
any drainage unit is provided independent of the interior drainage 
thereof, the assessment for such protection from overflow, and the 
subsequent assessment for the .completion of the interior drainage should 
be equitably adjusted with reference to the whole improvement of 
protection from overflow and drl;Linage. 
Respectfully submitted, 
HARMAN ENGINEERING Co.y 
Peoria, Illinois. 
December, 1912. 




The following table shows the distance from the mouth of each tribu-
tary of the Embarrass to the Wabash; the drainage area. of each tribu-
tary; the areas adjacent to, and draining directly to the Embarrass; and 
the total drainage area above the basin of each tributa.ry . 




Drainage area in square miles 
Name 
river Tributary Direct 
prese;nt I ,. 
Above Greenup ........ ..... -- .. --. --·--- - -------- J ____ .. --~~~~~- :::::::::::: -------- - 20-j 
Muddycreek ............... ..... ------ -- - ---- 96.2 220 ........... . 
-------------- ---- •···•· .. 5 
Range creek. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93 .2 65 .......... :. 
---- .... ------ .......... -- 10 
:i:~c::::~ .· _- _· ~ ~ ~::::::::::::::::::: ::: :::::::: 1-- -----.-:~ ~~- --.-- ... -~~- ::::::::: ~5: 
1
- --·--------- ··········· 10 
Mint creek . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . "83 .4 5 ........... . 
-- ·--- -------- -·---- ------ 35 Crooked creek. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69.7 85 ........... . 
---- --·------- ------------ 20 
Above Sainte Marie. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63.9 . . . . . . . . . . . . . .......... . 
NORTH FORK 
Above Moriah ............... · ................. . 31.7 
······ -------- -- .... ...... 5 
Mounts Branch........... . .............. .... . 28.8 · 20 ........... . 
---------- .... -- ...... ·--- 25 
Panther creek. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18.9 20 ........... . 
.... -- ...... -- -- ......... - 15 
Willow creek .......................... ~.. ..... 10.2 85 ........... . 
-- .. -- .... -- .... -- ...... -. . 15 
Hickory creek. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 . 7 15 ........... . 
NorthFork................................... 59 .6 325 ........... . 
---- .................. ---· 28 
Calfk:illercreek . ........................ . ...... 47.9 25 . . ......... . 
.. -- ............ --· - ---· .. 28 
Big creek . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38 .8 110 ........... . 
----.-- .... -.- . -.- ... ----- 10 
Honey creek.................................. 34.1 30 ........... . 
-· ............ -----· ...... 45 
Eade Branch................................. 25 .6 15 ........... . 
.............. -- .... ---- -· 10 
Mudqy creek ................................. . 
Birch creek .................................. . 
22.8 ! 70 
21.8 I 5 
-··········· -- ·--- .. ······ 5 
.Brushycreek....................... .... ...... 17.9 60 ........... . 
-- .......... - - ······ .... .. 20 
Indian creek . .. . .............................. 8.0 25 ........... . 
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Table No. 2.-Daily gage height in teet of Embarrass river near Oakland, 
Illinois tor 1909. 






6 .. - - ------ ---- -- ------ ------ -------- -------- -------- -------- -------- -------- 2.5 
7 .. ---- ------ ------ ------ ------ ---- !. -- -------- -------- -------- -------- -------- 2.45 
g ______ ------ ------ ------ ------ -------- -------- -------- -------- -------- -------- 2.6 
9 .... -I ----- ------ ------ ------ -------- -------- -------- -------- · -------- -------- 2.65 
10- ----- ---. -- ---- -- -- -- -- -- - - -- -- -- ---- -- - - -- - - -- -- -- -- -- -- -- -- -- ---- -- -- -- -- -- 2 .55 
11 .. ---- ------ ------ ------ ------ -------- -------- -------- -------- -------- -------- 2.5 
12_, ____ ------ ------ ------ ------ -------- -------- -------- -------- -------- -------- 2.5 
13 ...•.. ------ ------ ------ ------ -------- -------- -------- -------- -------- -------- 2.45 
14 ...... ------ ------ ------ ------ -------- -------- ____ . ____ -------- -------- -------- 2.5 
15 ...••. -------------------------------- ---------------------------------------- 2.55 
16 ..•... ------ ------ ------ ------ -------- -------- -------- -------- -------- -------- 2.8 
17------ ------ ------ ------ ---- -- -------- ----- --- -------- -------- -------- -------- 4.6 
18 ..•. -- ------ - ----- ------ ------ -------- -------- -------- -------- -------- -------- 5 .0" 
19 ...... ------ ------ ------ ------ -------- -------- -------- -------- -------- -------- 4.55 
20 .... -- ------ ------ ------ ------ -------- -------. -------- -------- -------- -------- 4.1 
1::.::: ::_: /: ~ - E E :: ~:::.:J:-E -~~::-:~ :~::-:- ::Tf H 
~L:: ::: : : : : : :: : : :::: : I ::: ::: :: :::::: tL tP 

































Table No. 3.-Daily gage height in teet of Embarrass river near Oakland, 
Illinois tor 1910. 
Day I Jan. , Feb. I Mar. I Apr. I May I June I July ~ Aug. I Sept. I Oct. I Nov. I Dec. 
I. 
1_ __ . ___ 4.7 4.7 13.0 3.35 4.75 5.1 
2 .. ---- 4.9 4.8 12.5 3.45 5.0 4.8 
3 ...... 5.85 5.1 10.5 ' 3.35 5.25 4.6 
4 .. ---- 5.9 5.0 10.0 3.3 6.2 4.5 
5 ...... 5.8 4.95 9.2 3.25 5.65 4.4 
6---- .. ,5 .85 4.9 8.4 3.2 5.45 4.3 
7 ...... 5.6 4.65 7.3 3.15 5.25 4.1 
8 ...... 5.4 4.6 6.9 3.2 5.2 4.0 
9 ...... 5.0 4.5 6.1 3.25 6.95 3.9 
10 .. 4.6 4.45 5.8 3.25 6.8 3.8 
11. ..... 4.4 4.2 5.55 3.25 ~~ I 3.75 12 ...... 5.2 4.0 5.4 3.3 3.5 13 .. ---- 10.55 4.0 5.2 3.35 7.7 3.4 
14 ...... 14.15 3.95 5.15 3.4 7 .6· 3.35 
15------ 15.0 3.95 4.9 3.45 7.3 3.3 
16------ 13.5 3.9 4.8 3.5 6.25 3.2 
17 ...... 11.2 3.85 4.7 3.9 5.8 3.1 
18---- _._ 12.5 3.85 4.5 4.05 5.15 3.0 
19 ...... 13.5 3.9 4.3 4.0 5.0 2.8 
"20 .. ---- 12.4 3.8 4.25 
,4.0 4.8 
2.75 
21. ..... 10.45 3.9 4.2 3.9 4.45 2.7 
22 .. ---- 9.0 4.1 4.15 3.9 4.2 2.55 
23 ....... 7.6 4.2 4.1 3.9 7.9 2.55 
24 .. ---- 6.2 3.9 4.0 3.9 9.1 2.5 
25 ...... 6.0 4.1 3.95 3.95 9.5 2.4 
26 ...... 5.8 4.2 3.95 4-.2 8.55 2.3 
27 ·--- ·- 5.6 5.0 3.9 4.2 7.1 3.5 
28 ...... 5.3 9.0 3.85 4.2 6.1 4.7 
29 ...... 5.1 
------
3.7 4.4 5.8 5.0 
30 ...... 5.05 ......... 3.55 4.5 5.6 5.1 
21.. .... 4.8 ....... 3.4 ......... 5.5 ............ 
4.35 5.6 1.9 
3.5 5.05 1.9 
4.65 4.2 1.95 
4.95 3.45 1.95 
5.0 3.0 2.8 
5.55 2.8 3.95 
5.9 2.75 4.4 
5.05 2.6 4.95 
. 4.75 2.55 4.5 
4.0 2.45 4.3 
3.05 2.4 4.15 
3.4 2.35 4.0 
4.25 2.25 3.9 
3.9 2.35 3.7 
3.6 2.3 3.4 
9.9 2.6 3.05 
9.0 2.55 2.75 
8.55 2.45 2.75 
7.95 2.35 2.65 
6.25 2.15 2.55 
5.6 2.1 2.55 
5.15 2.15 2.5 
4.5 2.05 2.85 
3.9 2.1 2.95 
3.55 2.0 2.95 
3.2 2.0 2.95 
3.15 1.95 3.2 
3.6 1.9 3.3 
5.8 1.9 3.2 
6.35 1.85 3.1 
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Table No. 4- Daily gage height in teet of Embarrass river near Oakland, 
Illinois for 1911. 
Day I Jan.[ Feb., Mar., Apr., May I June J July j Aug. I Sept. I Oct. I Nov. I Dec. 
1 ...... 2.9 11.0 5.1 5.0 5.4 
2 ...... 3.2 10.9 4.8 4.9 5.35 
3 ...... 3.6 10.5 4.5 5.5 5.3 
4 ...... 3.4 10.4 4.3 5.0 5.0 
5 ...... 3.2 9.7 4.1 7.0 4.8 
6 ...... 2.9 9.4 4.1 8.8 4.4 
7 ...... 2.8 9.0 4.4 10.4 4.0 
8 ...... 2.8 8.6 4.8 9.8 4.0 
9 ...... 2.75 8.0 4.8 8.2, 4.0 10 ...... 2.75 7.4 4.9 7.1 3.9 
11 ...... 2.7 6.1 5.1 7.0 3.6 
12 ...... 2 .9 5.1 5.2 7.0 3.4 
13 ...... 3.4 5.5 5.2 9.7 3.2 
14 ...... 3.9 5.9 5.1 13.5 3.1 
15 ...... 4.0 6.1 4.9 13.4 3.0 
16 ...... 4.5 6.3 4.8 13.0 2.9 
17 ...... 4.7 6.8 4.7 12.4 2.9 
18 ...... 5.6 7.4 4.6 11.8 2.8 
19 ...... 5.8 7.8 4.5 9.2 2.9 
20 ...... 5.85 7.6 4.4 8.4 2.9 
21. ..... 5.8 7.4 4.3 8.0 3.2 
22 ...... 5.7 7.1 4.2 7.1 3.5 
23 ...... 5.9 6.4 4.15 7.0 3.4 
24 ...... 6.9 6.1 4.1 I 6.8 3.4 25 ...... 8.8 5.9 4.0 6.7 3.3 
26 ...... 9.0 5.8 4.3 6.3 3.1 
27 ...... 9.5 5.5 4.6 6.0 3.0 
28 ...... 10.5 5.3 4.8 5.9 3.0 
29 ... .' .. 11.1 
······ 
5.2 5.6 2.9 
30 ...... 11.2 ........... 5.1 5.4 2.8 
31. ..... 11.1 ........... 5.1 .. ........ 2.75 
2.75 2.9 1.7 1.7 
2.7 2.2 1.75 1.7 
2.7 2.2 1.8 1.7 
4.4 2.2 1.85 1.85 
6.65 2.1 1.85 1.85 
6.3 2.1 1.8 
I 
1.95 
5.9 2.1 1.8 2.4 
4.5 2.1 1.75 2.8 
4.6 2.1 1.75 2.7 
3.9 2.1 1.7 2.8 
3.6 2.0 1.7 2.9 
3.1 2.0 1.65 3.2 
2.95 2.0 1.65 3.7 
2.95 1.9 1.6 4.1 
2.9 1.9 1.6 4.9 
2.8 1.9 1.6 5.5 
2.7 1.9 1.6 5.8 
2.6 1.9 1.6 6.4 
2.6 1.9 1.55 6.2 
2.5 1.8 1.55 6.0 
2.5 1.8 1.5 5.9 
2.6 1.8 1.6 5.8 
2.6 1.8 1.6 5.7 
2.65 1.8 1.7 4.95 
2.75 1.7 1.75 5.4 
2.75 1.7 1.8 8.-6 
2.9 1.75 1.8 10.9 
3.1 1.75 1.85 13.6 
3.1 1.7 1.8 ............ 
3.0 1.7 1.8 15.2 




























































































































Table No. 5.-Daily gage height in feet of Embarrass river near Oakland, 
Illinois tor 1912. 
Day I Jan. I Feb., Mar. I Apr. I M;ay I June I July I Aug. I Sept. I Oct. I Nov. i Dec. 
1.. .... 5.6 10.8 
2...... 5.4 8.4 
3 ...... 5.4 7.0 
4.... .. 4.9 6.0 
5 ...... ······ 4.2 5.7 
6...... ...... 4.2 5.2 
7...... 5.0 4.0 5.3 
8 ...... •••••• 4.0 I 5.0 
9...... .... .. 4.0 ..... . 
10 ...... ······ 4.0 5.3 
11. .... - . . . . . . . . - - . - 5 .o 
12...... .. .... 3.8 4.1 
13.. . . . . 5 .0 3 .8 4. 7 
14...... ...... 3.8 6.2 
15...... 4.9 3.8 12.8 
16...... 4.0 4.0 14.2 
17.. . . . . 4.4 4 .4 15 .5 
18.. .. .. 6.6 6.0 14.8 
19...... 9.0 8.8 14.6 
20...... 11.0 9.5 14.4 
21. ..... 13.0 8.4 14.2 
22 ...... 10.7 7.1 13.6 
23 ...... 7.6 6.5 12.0 
24.... .. 8.6 5.4 12.6 
25...... 8.8 7.0 12.4 
26...... 8.2 13.0 12.3 
27...... 8.0 16 .o 13 .0 
28 ...... ------ 17.2 14.0 
29...... 6.0 15.3 14.6 
30 ...... ······ ······ 13.8 
































































3.7 ........................ ········ .. . ............ . 
3 .5 .... -- ...... --.- ..................... -.- .......• 
3 .;3 •••••••••••••••••• -- •••..••••••.•••.•••• ·····- •• 
3.3 ................ ·······- ...... -· ...............• 
3.3 ········ ....................................... . 
3.0 ................ ········ ........ , ........ ········ 
3.0 ........................ ········ ····· · ·- ········ 
3.2 ··--·-·· ........ ········ ········ ............... . 
3.2 - - . ..... ...................... -- .... ..... ......• 
3.3 ........ ···- ............................ -- ·····• 
3.2 ........ ··--···· ............. . .. ----···· ....... . 
3.4 ................... -.- .......... -- .... ·- ....... . 
3.4 ............................................... . 
3.4 ................................ ········ ...... .. 
3.7 --······ ····---- .......... -···· .............. .. 
4.8 ........ -------- -- ······ .... ---- ---·-- -- _, __ .. -· 
5.6 ...... -..... -- ......... - . - .. -... -..... -- -- .. ----
5.0 ........ -------- ........ -------- -------- ........ 
4.6 -------- -------- -------- -------- ---- .. -- -- . , ----
4.0 -------- -------- ·------- -------- -------- ........ 
3 .8 -------- •.. -.-.- -- ... --. --.--- .. ------.- --.- ...• 
3.8 ----·· ·- -------- .. ----·- -------- ------ ·- ·- ·- -- -· 
3.6 -------- ........ -------- --·--·-- -------- ........ 
3.5 ---.---- -------- -------- -------- -------- ----.- .. 
3.5 . ---.--- -- ..• --- - .. -.--- -.-.--.- . --- .. -.. -----.-
~:~. :::::::: :::::::: :::::::: :::::::: :::::::: :::::::: 
3.5 -------- -------- ·-·- --·- -------- -------- --------
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Table No. 6.-Daily gage height in teet of Embarrass river at Sainte Mari~, 
Illinois for 1909 . 
. Day / Jan. J Feb., Mar. j Apr., May I June I July j Aug. I Sept. / Oct. I Nov. Dec. 
t::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::J::::::::::::::: 
4 ...... ···-·· ······ --·-·· ........•..... ·······- ······-- ........ ···--··· ....... . 
5.- ............... - --.-.- ... - .. -....... -...... - .... --- .... -.-.- ... - ........... . 
6 ............. - ....... - .... ....... -- ..... -- .... - ... - ... -.-- ....... - ........... . 
7 ............ ------ ·----- ------ .............................................. .. 
8 ............ ~---·· ----· · ........... · .......................................... . 
9 ...................................................... -------- .............. .. 
10 ...................... -- .... -- ........ -- ................ ---- .... ------ ....... . 
11 .............................................. -- ........... -....... -......... . 
12 .................. ----~ - .................................................... .. 
13 ...... ------ .................................................. -------- .: .... .. 
14 ............................................................................ .. 
15 ............ ------ ............................................ --·----· ...... .. 
16 ...... ------ ................................................................ .. 
17 ............ --·--· -----· ------ ........................ ·------- -------- --------
18 ............ ·----- ------ .............................................. '------· 
~L:::: :::::: ::::.:: :::::: :::::: :::::::1::::::: :::::::1::::::: :::::::: ---rt· 
~::::: _::J: : : : : :::::: ::::::: :: :::: :: :: ::: ::: : :::: i:r 
26 ........................ . ..... ·------- .. .. .... ........ .. .... .. ........ 2.9 
27 .... -- .... -- ······ . .. ... ·····- ---- .... ······ -- ...... -- ······ .. ........ 2.5 
28...... ...... ...... ...... ...... ........ ........ ........ ........ ........ 2.4 
29 ........................ ------ ........ .... ... ........ ........ ........ 2.5 
30...... ...... ...... ...... ...... ........ ........ ........ ........ ........ 2.4 
































Table No. 7.-Daily gage height in feet of Embarrass river at Sainte Marie, 
Illinois for 1910. 
Day I Jan.J Feb., Mar. t Apr.J May I June I July I Aug. I Sept. I Oct. I Nov. I Dec. 
1. ..... ........ 5.9 18.7 4.0 4.4 5.2 5.1 8.5 2.5 2.6 3.1 8. i 
2 ...... ........ 5.5 18.3 4.1 4.3 5.6 4.5 8.0 2.4 2.4 3.1 6.8 
3 ...... ........ 6.0 17.7 3.9 6.0 5.2 5.2 5.6 2.4 2.4 3.0 5.9 
4 ...... ......... 6.8 17.2 3.9 13.2 . ........... 6.9 5.0 2.6 5.7 3.0 5.4 
5 ...... ......... 6.1 15.9 3.9 10.0 . ............ 10.7 4.5 2.7 14.4 3.0 5.1 
6 ...... 
------
5.7 14.2 3.9 7.1 .............. 10.3 4.1 2.5 17.6 2.9 4.7 
7 ...... 
·------
5.4 12.4 3.8 6.1 
--------
7.1 4.2 2.5 18.7 2.9 4.5 
8 ...... 5.4 5.0 10.5 3.7 7.1 ........ , 6.1 3.7 4.2 18.5 2.9 4.2 
9 ...... ........... 4.9 9.2 3.6 9.1 6.2 3.6 6.1 16.5 I 2.9 4.1 
10 ...... ............ 4.9 8.4 3.5 8.1 4.1 5.0 3.5 5.9 12.8 2.8 3.9 
11 ...... ............ 
. 4.7, 7.6 3.4 7.5 4.0 4.5 3.4 5.0 8.8 2.8 3.8 
12 ...... 
------
4.5 7.1 3.4 11.1 3.7 4.2 3.3 4.4 7.2 2.7 3.6 
13 ...... 7.2 4.3 6.7 3.3 11.4 3.5 5.3 3.2 4.0 6.3 2.7 3.8 
14 ...... 14.0 5.5 6.4 3.3 8.8 3.6 4.9 3.1 4.8 5.8 2.7 3.7 
15 ...... 16.0 5.0 6.1 3.3 7.9 3.6 5.1 2.8 3.8 5.5 2.7 3.5 
16 ...... 16.0 5.0 5.8 6.2 7.0 3.2 15.5 2.8 3.5 5.0 2.6 3.5 
17 ...... 15.1 4.7 5.5 10.3 6.5 3.2 18.5 3.1 3.2 4.8 2.6 3.4 
18 ...... 15.3 4.9 5,, 9.1 6.0 3.1 18.9 3.2 3.0 4.5 2.6 3.4 
19 ...... 15.9 4.9 5.2 6.7 5.7 3.1 18.3 3.7 2.8 4.3 2.6 3.4 
20 ...... 17.4 4.9 5.1 6.3 5.4 3.0 16.2 3.6 2.6 4.1 2.5 3.2 
21 ...... 17.1 5.2 5.0 5.4 5.2 2.9 12.0 3.1 2.6 4.1 2.5 3.6 
22 ...... 15.3 6.5 4.9 5.5 5.1 2.8 8.1 2.8 2.5 3.9 2.4 3.4 
23 ...... 12.9 7.4 4.7 4.9 7.5 2.9 6.9 2.8 2Ji 3.8 2.4 3.2 
24 ...... 10.3 7.1 4.6 4.8 12.0 2.7 6.0 2.8 2.5 3.8 2.4 3.4 
25 ...... 8.7 6.5 4.5 4.5 9.3 2.6 5.5 2.8 2.4 3.7 2.4 2.9 
26 ...... 7.8 5.6 4.5 4.3 8.9 2.9 5.1 3.0 3.1 3.5 2.4 2.9 
27 ...... 7.5 15.7 4.3 4.8 8.2 4.0 4.9 6.2 3.1 3.5 2.8 3.0 
28 ...... 7.4 18.1 4.2 4.9 9.1 4.3 4.3 4.8 3.0 3.4 11.3 3.4 
29 ...... 6.9 .......... 4.2 4.5 7.3 7.0 . 8.2 3.2 2.8 3.3 15.6 5.9 
30 ...... 6.4 ........ 4.1 4.4 7.2 5.4 10.2 2.9 2.7 3.2 12.8 9.4 
31.. .... 6.1 . ..... , 4.0 .......... 5.9 .............. 11.2 2.7 , ........ , 3.2 ................ 8.5 
ENGINEERING DATA. 47 
Table No. 8.-Daily gage height in -feet of Embarrass river at Sainte Marie, 
Illinois tor 1911. 
Day I Jan.j Feb.\ Mar. I Apr. I May I June I July I Aug. I Sept. I Oct. I Nov. I Dec. 
1. ..... 9.7 14.0 7.7 5.3 11.1 3.2 2.75 1.9 .............. 18.55 6.5 6.8 
2 ...... 10.2 12.4 7.15 5.0 11.7 3.05 2.65 1.85 ............. 19 .5 6.1 6.6 
3 ...... 14.7 10.6 6.8 4.9 11.0 3.0 2.55 1.85 ............. 19.55 5.8 6.4 
4 ...... 10.0 9.2 6.45 13.5 10.0 2.9 2.45 1.85 
········ 
19.2 5.1 6.2 
5 ...... 8.7 8.4 6.4 16.0 8.7 2.85 2.4 1.9 ............... 18.85 6.0 6.0 
6 . .. .. . 7.6 8.85 6.3 16.7 6.5 3.0 2.3 1.9 ........... 18.45 6.5 5.7 
7 ...... 7.6 11.3 10.3 16.0 6.1 4.65 2.15 2.65 1.85 17.3 7.1 5.5 
8 ...... 7.7 9.9 16.0 14.0 5.9 5.0 2.15 2.2-5 1.85 15.95 7.1 5.4 
9 ...... 7.8 9.0 17.0 11.7 
I 
5.6 4.3 2.15 1.95 2.55 13.4 6.5 5.7 
10 ...... 7.2 7.95 15.5 10.0 5.5 3.95 2.2 1.9 2.3 11.5 6.1 8.5 
11 .... .. 6.4 7.2 13.1 8.7 5.3 3.9 2.1 1.9 2.65 9.95 5.8 11.0 
12 ....•. 6.2 6.75 9.7 7.9 
I 
5.1 3.55 2.05 1.75 3.25 8.95 8.0 10.0 
13 ...... 6.3 6.6 9.2 12.4 5.0 3.4 2.05 1.75 4.25 8.25 14.1 9.8 
14 ...... 10.5 6.5 8.2 16.4 4.8 3.2 2.05 1.75 10.55 7.55 10.0 6.5 
15 ...... 15 .3 7.95 7.5 17.6 4.5 2.95 2.1 1.75 1.06 7.25 9.2 6.8 
16 ...... 14.1 7.8 7.2 18.2 4.4 2.9 2.1 1.8 14.25 6.75 9.2 6.9 
17 . ..... 11.3 12.2 6.6 17.5 ~ 4.4 2.75 . 2.05 1.75 16.75 6.15 9.4 10.5 
18 ...... 9.8 14.2 6.5 16.4 4.3 3.3 2.05 1.75 14.95 7.85 15.7 9.0 
19 .. .... 8.7 14.0 6.8 15.6 4.2 3.0 2.05 ............... 8.15 7.95 17.0 7.6 
20 ...... 8.0 14.7 6.4 16.9 4.1 2.85 2.1 .............. 6.7 7.55 15.5 7.4 
21. ..... 6.8 13.7 5.9 15.9 4.5 2.8 2.1 ................. 6.45 7.15 13.2 9.0 
22 ...... 8.2 11.7 5.6 12.5 4.1 2.55 1.95 ................. 6.15 7.85 11.3 11.8 
23 ...... 7.7 9.7 5.4 111.2 3.95 2.5 1.95 
··-·--·-
5.45 9.85 10.0 9.6 
24 ...... 7.2 9.15 5.2 9.1 3.9 2.5 1.95 .......... 5.35 10.65 9.0 8.3 
25 ...... 6.5 10.0 5.0 8.1 3.8 3.45 2.0 ............... ·5 .95 10.45 8.2 7.7 
26 ...... 6.4 11.7 5.0 7.5 3.65 3.0 1.9 ............... 15.25 10.5 7 .. 5 7. 4 
27 ...... 9.1 11.9 9.0 7.1 3.5 2.95 1.85 .............. 14.95 9.45 7.2 8.1 
28 ...... 15.3 8.9 8.8 7.1 3.35 2.8 1.85 ............ 11.45 8.95 7.0 7.5 
29 ...... 16.8 ............. 6.6 7.6 3.4 3.0 1.95 .................. 16.75 8.45 8.5 6.7 
30 ...... 16.5 
-····· 
6.1 10.0 3.3 2.85 1.9 ......... 17.95 7.151 7.5 7.9 
31.. .... 16.6 ......... 5.5 ........... 3.2-5 .......... ... ....... 
·-·-···-
........ , 6.8 ........ ! 6.5 
Table No. 9.-Daily gage height in teet of Embarrass river at Sainte Marie, 
Illinois tor 1912. 
Day I Jan., Feb., Mar. j Apr., May I 
1 .. __ .. 
1 
8.5 _____ _ 
2.. .. .. 7.2 ..... . 
!::::::1 t~ :::::: 
. .... 6.2 .. ... . 
6 ...... ······ . .... . 
7 ...... ······ ..... . 
8 ................. . 
9 ................. . 
10 ................. . 
11 ................. . 
12 ................. . 
13 ............... . 
14.. .. . . 5.4 ..... . 
15 .... .. ······ ..... . 
16 ................. . 
17 ...... ······ 4.3 
18...... .... .. 4.3 
19.. .. .. .. .. .. 5.0 
20.. .... .... .. 9.0 
21...... .. .. . . 7.7 
22 ...... ······ 6.5 
23 •••.•.......• 6.3 
24.. .. .. .. .. .. 6.4 
25 ...... ······ 6.2 
26.. .. .. . . .. . . 15.6 
27 ............ 17.6 
28 ............ 18.2 
29 ............ 18.1 
30 ...... ······ ..... . 





























































































June I July I Aug. I Sept. I Oct. I Nov. I Dec. 
Ill lii::::: .:i:::j:: ::il!!i! 1:::::: lj:~til:! !ii!!li· 
3.8 .............. ······ ......................... . 
3.8 ........ ······ .. ········ ................ ········ 
3.8 ............................................... . 
4.2 .. ······ .................. ······ ........ ········ 
5.2 ..... ....... ..... ....... . .......... ..... ········ 
5.7 ........................... ... .......... ········ 
5.3 .......................... ······ .. ······ ········ 
6.5 ..............................................•• 
6.5 .......... ······ .......................... ····•· 
6.4 ............................................... . 
5.3 .......................................... ······ 
5.0 ........................................ ······•• 
4.6 ........ ······ ................................•• 
4.2 .......................................... ····•· 
!:5 1:::::::: :::::::: :::::::: ::::::::1:::::::: :::::::: 
3.8 ............... ........ .. ·· ·· ·· ............. · .. . 
. ... ~:~. :::::::: :::::::: :::::::: :::::::: :::::::: :::::::: 
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Table No. 10.-Precipitation Em-barrass river valley, 1900 to 1912, inclusive. 
Year j Jan.[ Feb.j Mar.j Apr.j May I June l July I Aug.[ Sept. I Oct.\ Nov.[ Dec.j Annual 
1900 ..... 0.77 4.66 1.94 1.12 4.56 6.41 5.63 3.49 3.74 2.42 3.50 
1901. .... 1.42 1.90 3.71 2.45 2.77 4.82 1.24 2.40 1.30 2.99 1.64 
1902 ..... 1.31 1.07 2.88 2.29 3.14 7.21 3.26 4.84 3.45 1.93 3.44 
1903 ..... 2.05 3.49 2.90 4.95 2.15 3.34 3.76 4.11 1.35 2.76 1.49 
1904 ..... 3.58 1.88 9.35 3.01 3.37 2.92 3.37 3.78 4.67 0.59 0.46 
1905 ..... 2.25 1.68 2.11 3.59 4.31 2.17 5.93 3.03 2.58 5.66 2.11 
1906.-- ·- 3.97 1.87 4.82 1.90 2.16 3.13 2.84 4.79 4.61 1. 7 5.01 
1907.- ... 7.05 0.56 3.99 2.99 4.20 4.95 5.08 5.40 0.95 2.18 3.03 
1908 .. - -- 1.55 5.33 3.72 5.06 8.85 2.04 2.63 1..43 1.70 0.18 3.08 
1909.---- 2.70 5.17 2.77 6.33 4.36 5.28 5.96 1.61 3.33 3.16 3.51 
1910 .. --- 2.03 2.78 0.31 3.05 4.81 2.37 6.03 2.32 5.61 4.44 2.15 
1911..- .. 2.59 2.08 2.20 15 .36 1.85 3.38 1.52 3.14 10 .28 3.28 2.89 1912 .. - .. 1.67 2.24 4.33 5.60 4.08 3.21 5.51 4.50 2.54 
--···· ------Means ... 2.53 2.67 3.46 3.67 3.90 3.94 4.05 3.45 3.54 2.62 2.69 































L:~~~:~~~:~:~ :::~: :2: :::~:: :::: ::~t:r~: <~: ;;:o~: :::;)':':: ):: ::~: ::::~ 
5 ................ 70 .60 .80 --·--- .38 .36 .49 .27 .52 .47 .38 .45 
6............... ...... ...... ...... ...... ...... T T ............................. . 
7............... .40 .35 .40 .30 .26 1.10 .53 T .63 .14 . . .. . . .23 .51 
8............... .53 .45 1.25 .33 .31 .02 . . . . . . .981 ..... - .38 .58 .64 .35, 
~t:::::::::::::: :::~~: :::~~: :::~~: _}~_ :::~: .. :~~- :::~~: :::~~: :::.~~: :::~~: :::~~: :::~~: ::::~~ · 
g::::::::::::::: :::::::::::::::::: ::::::::::::1:::::::::::: :::::: :::::::::::: :::::: :::::::::::: 
14.......... ..... T .05 T .43 T ...... T ...... .20 ...... ...... T T 
15............... .35 .40 .38 T .27 .42 .32 .45 . . . . . . .41 .33 .31 .32 
16 ............... ······ ...... ··-··· ...... ······ .02 ...... .03 ·····- ...... .03 ...... ······ 
17......... ...... . . . . . . . .. . . . . . . . . . T . . . . . . . . . . . . T . . . . . . .46 T . . . . . . .01 ..... . 
18....... ........ .. . . .. .48 .24 .37 .41 .20 .28 .3G T .28 .24 .15 29 
~~::::::::::::.::: :::::: :::::: ::~::: :::::: :::~: :::::: :::::: :::::: :::::: ::::::l:::~J::::: ::::~~ 
~2 ••• · ........................ ·•••·· •••••• ···-·· ••·••• •..•.• ------ ........................ •••··• 
23.. ............. .66 .15 • ······ .11 ·•···· .37 .45 .22 .90 .20 .24 .91 .24 
24.. ............. .95 1.13 1.27 1.36 .73 1.42 1.02 1.28 ------ 1.66 .80 1.10 1.50 
25............... ...... ...... ...... ...... ...... .13 ...... .27 .66 ...... .18 T T 
26............... .64 .80 .50 .81 .91 .32 .50 ·-·· ·· .60 .71 ······ .76 .51 
27............... .05 .08 .25 .02 .22 .23 T .80 ·-..... . . . . . . .49 .04 .23 
28 ......................................................... _ _.____ .16 .04 T ........•.•• 
29 ..... ·········· .53 .22 .51 .27 . . 12 .02 ............ ······ ------ ···-·· ······ ------
30 .•... ······· --- ------ ------ ······ ------ ------ ···--- ...... -····· ...... ------ ··-··· ------ ·····-
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.:i Day ~ 0 
'5 g 1=1 ' 0 d ~ d 
I 
'd !>. :+3 u:i 0 0 .S ~ '0 0 1=1 0) ~ ~ <:,) ;8 £ 0) 1=1 (ij ·~ ] .0 :g ~ ~ 0 "' 0 1'<4 P-i P-i P-i p:; p:; U1 ~ 
!. .............. ------ T .02 T ------ T .08 T T .42 T .04 .09 
2 _______________ ------------------------------ .13 ------ .03 ------------ .05 ------ -·--·· 
3 ... ___ . _. _____ . .58 T .51 .35 .35 . . . . . . 2.62 .40 .59 .49 
4______________ .30 .07 .22 2.90 1.62 .95 .16 .90 1.95 1.41 1.18 4.10 
5 _______________ 1.35 2.00 1.44 2.33 .70 .95 .54------ 2.20 1.34 .36 3.50 
6--------------- 1.19 1.25 1.27 1.00 .22 .30 .15 4.15 .24 .18 .31 .37 
~:::::::::::::::1 :~8 1:g~ :~i 2.~ 3:i~ 3:~ 2.05 1:~~ --~~~- 1:g~ 1:~t 1.~ 1:gg 
9--------------- ------ ------ -----· ------ -·---- T ------ ------ ------ ------ .01 ------ ------10 .. __ . ___ .. __ ... __ .. . . ___ . _ ..... ___ ... . . . . _. _ . T ... _ _ _ _. _. _ . .07 __ . _. __ . _ . . . . . _ _ _ _ _ __ ... 
u_______________ ______ .os .05 .02 T ----·- .ss .27 ______ .68 .09 1.29 1.00 
12 _______________ ----·· .06 -----· ------------ .16 -·-·-- 1.47 .06 ------ .41 ·----- ------
13. ______________ ---·-· .05 T .04 ------ .04 .42 .71 .08 .34 .12 .49 .18 
14 _______________ .16 .08 .08 .10 ·----· .41 .15 .45 .04 .07 .13 .04 
15- - --- ------ --. - . --- -- --- - . - -- ---- - . - .. - . -- ---- - - ---- -. ---- .12 -- --- - --- - -.II! --- -. -- -- . - ..... -
16. ··· ··-··-·-·- · ·--··· .................. ·····- ······ ·····- -····· ··-··· ······ -···-· ........... . 
17............... .05 .13 T .10 ...... ...... ...... ...... .36 T ...... .... ....... . 
18............... .56 .32 .95 T .27 .50 1.35 .98 .22 .60 .32 .51 .40 
19............... ...... T .11 .13 .21 .52 .45 1.48 ...... .11 1..08 · .45 .05 
20 •............•. ···--· ······ ·····- ··-··· ··-··· .12 ····-· .04 -····- ---··· -··-·· ······ -····· 
21 .. -.-.-.-.--- .. -- ...................... - ....... -.-. .10 ---.-. 1 .11 ... -.. . . . . . . .13 ... - .. 
22--............. 2.43 1.43 1.31 1.30 .81 .47 .42 .46 . -.-.. .90 .82 .25 1.42 
23 ...... ......... ······ ... ' ... ······ ··-··· .... :. .04 ·-··-· ---·-· ··-··· ·-·-·- .03 ··-·-· ·····-
24............... ...... ...... ...... T ............................................... : ..... . 
25. . . . . . . . . . . . . . . . ... _. T . . . . . . T . . . . . . . . . . . . T .... _. . . . . . . T _. _. . . .22 .02 
26............... ...... .19 ...... ...... ...... .12 ...... .26 T ....................... . 
27............... .28 .43 .05 .11 ...... T ...... T T T -·--·· .01 T 28 _____ ____ ________________ .__ ______ ______ ______ .01 .15 .02 ______ .17 .
1 
.04 .09· 
29............... ...... .34 ...... .11 ...... ...... T .34 ...... ...... .26 .04· .05 
it:::::::::::::: ::::::j:::::: :::::: :::::: :::::: :::::: :::::: --~~~- :::::: :::::: ---~- ~ 
(I 
-4 E R 
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Table No. 13.-Daily precipitation-June, 1908. 
Day 
~: : : : : :: ::: : : :: : :: ::: ::::::: :· .. :~~ .... ~.I .. :~~. ::: : :: :: :: :: :::::: : ::::: .. j3- : ::: ::I ... if- -. -. if 
3............................ .06 .09 .03 T .14 .11 T .90 1.59 .09 .05 
4............................ ...... T ...... ...... .01 ...... .04 ...... .27 ........... . 
5 •.... ···· ······· ········ ···· ······ ······ ······ ······ ...... ······ ······ ....................... . . 
6 ............................................................................................. . 
7 ............................................................................................ .. 
8 ................. ~---------- .36 .23 .39 .55 ...... ...... ...... .64 .08 T .19 
9. - .... -- - . - ...... - ...... - . - . .01 .. ---. . -.-. - .85 .07 . . . . . . .04 .30 . - - . . . . . . . . . .58 
10 ........... - . - ...... - ........ - . . . . . . . . . . . .... - . . . . . . . - . . . . . . . . . . . . . . . . . . . . . . .38 ... .. - .45 
11 ..... ·········· ·-·-·· ······· ······ ... ·-- ...... ······ .02 .................. ······ ······ ..... . 
12........... ............... .. .. . ... T ..................................................... . 
13............. ............... T .32 .20 T ...... .07 ...... .23 .15 .05 .20 
14............................ .04 ------ ...... ...... .38 .25 .75 .13 .29 .41 .35 
15 ........................................................................................... .. 
16 .............. ······- ............. ··-··· · ····· ...... ··-· ·· ······ -·-··. ····· · ...... ··- ·-· ... : .. 
17...... ...................... T ...... ...... ...... ...... ...... T ...... .03 T ..... . 
18. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .5G . . . . . . . . . . . . T . . . . . . . . . . . . . . . . . . . .... . 
19.... .... ........... . . ....... .37 ...... .22 ...... ...... T ...... .29 .41 .18 .29 
20 ............. :.. ............ ...... ...... ...... ...... .98 .18 T ...... .04 .12 .34 
21..... ....................... ...... ...... ...... ...... .17 .55 .10 ...... .06 .13 T 
22 ........... ................................................................................. .. 
23............. ............... T .08 ...... .. :... ...... T ...... T .17 T .01 
24 .............................................. ------ T ...... .02 ....................... . 
25.;.......................... ...... T .................................................... .. 
26 ................................................................................. ........... .. 
. 27 ..... ········ ······· ........ ······ ...... ······ ...... ...... ...... ...... .28 ................. . 
}8::;::::::::::::::::::::::::: 1 ::~~~: :::~: ::~~~: :::~: --~t ::~~~: :::~~: :::~: ::~~~: -~:~. --~:~ 
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Table No. 14.-Rating table tor Embarrass river near Oakland, Illinois, 
1909 to 1911. 
Gage height-feet I ch~{;;_ II ~age ·height-feet I ch~{;;_ II Gage height-feet I ch~{;;_ 
sec. ft. sec. ft. sec. ft. 
1.5 ................... . 
1.6 ............ ········ 
1.7 ................... . 
1.8 ......... . ... . ..... . 
1.9 ................... . 
2.0 .. ······- ..... ······ 
2.1 .............. -- ... . 
2.2 .............. ······ 
~:!:::::·::::::::::::::: 
2.5 ................... . 
2.6 ........ ············ 
2.7 ................... . 
2.8 ... •···· ············ 
2.9 •... ······ .. - ...... . 
3.0 ............... ····· 
3 .1 •.•.. - ............. . 
3.2 ..... ·····- ........ . 
3.3. ····· ...... ········ 
3 .4 ......... - ... - ..... . 
3.5 .... ················ 
3.6 ................... . 
3.7 ................... . 
3.8 ................... . 
3.9 .. ······.- ······ ... . 
4.0 ......... ······· ... . 
4.1 .•......•.. : ....... . 
4.2 ................... . 
4.3 ...... ·············· 
4.4 .... - .............. . 
4.5 .... ······· ········· . 
4.6 ...... - ..... ········ 
4.7 .. ·····- .. - ........ . 
4.8 ..... - .. ············ 
4.9 .. ·················· 
5.0 ................... . 
5 .1 ................... . 
5 .2 •........... ········ 
5 .3 ................... . 
5 .4 ...... - .. - ......... . 
5 .5 ..............•..... 
5 .6 .......... ·········· 
5.7 ................... . 
5 .8 .. ·•······ ......... . 
5 .9 .••....•..........•. 
6.0 ..•................. 
6.1 ................... . 
6.2 ................... . 



















































6.5 ....... ····· -- .. 
6.6 ............... . 
6.7 ............... . 
6.8 .. ······ ....... . 
6.9 ........... -- .. . 
7 .0 ....... - .. --- .. . 
7 .1 ...... - .... - ... -
7 .2 ......... - .. -- .. 
7 .3 ............... . 
7 .4 .... - ...... ---.-
7 .5 ..... - ... - .. --.-
7.6 ......... ... ... . 
7.7 ... - ..... - ... - .. 
7 .8 ............... . 
7 .9 ............... . 
8.0 ............... . 
8.1. ........ - ..... . 
8.2 ............... . 
8.3 ............... . 
8.4 ........ ··· ··· .. 
8.5 ............... . 
8.6 ....... - .... - .. . 
8.7 ............... . 
8.8 ............... . 
8.9 ............... . 
9.0 ............... . 
9.1. .......... - ... -
9.2 .... ······- ····· 
9.3 ........... - ... . 
9.4 ..... -.- ..... - .. 
9.5 ............... . 
9.6 ..... ····· ..... . 
9.7 ....... - ....... -
9.8 .•.............. 
9.9 ....•.. ... - .... . 
10.0 ........... - ... . 
10.1. .............. . 
10.2 ........... -.- .. 
10.3 ....... -.--.-- .. 
10 .4 ....... -.-.- ... -
10.5 ....... - .•. - ... . 
10.6 ....... ······· .. 
10.7 ............... . 
10.8 ............... . 
10.9 ........ -- ... - .. 
11.0 ............... . 
11.1 ... -.- ......... . 
11.2 ........... -.- .. 
11.3 .. -........... . 




















































11.5 ................ 2,113 
11.6 ..... - ......... - 2, 150 
11.7 ................ 2.187 
11 .8 ............. - . - 2, 224 
11.9 .............. - 2, 262 
12 .0 ........... - . . . 2 .300 
12 .1. ........ - . . . . . . 2, 340 
12.2 ................ 2.380 
12.3 ................ 2,420 
12.4 ................ 2,461 
12.5......... . ...... 2,502 
12.6................ 2,543 
12.7 ............. - . . 2, 584 
12.8................ 2,626 
12.9.... ... . .. . . . . . . 2,668 
13.0................ 2,710 
13 .1 .............. - . 2, 752 
13 .2 ........... - . - . - 2, 794 
13 .3 ....... - ..... - . - 2, 836 
13.4................ 2,878 
13 .5 ....... - . . . . . . . . 2, 920 
13 .6........ .. . . . . . . 2, 963 
13.7 ............. - . . 3' 006 
13.8 ................ 3,049 
13.9................ 3,092 
14.0................ 3,135 
14.1. ............ -.- 3,178 
1
14.2 ................ 3,221 
14.3.... .. . . .. . . . . . . 3,264 
14.4................. 3,307 
14.5................ 3,350 
14.6 ......... - ······ 3,393 
14.7................ 3,436 
14.8 ................ 3,479 
14.9 ................ 3,522 
15 .0 ... - ... - . . . . . . . . 3, 565 
15 .1. ......... - ····· 3,609 
15.2 ................ 3,653 
1:::::::::::::::::::::::::::::::: 
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Table No. 15.-Rating table for Embarrass river at Sainte Marie, Illinois, 
1909 to 1911. 
I Dis- II I 
Gage Height-f-eet charge- Gage height-feet· 
sec. ft. 
~t::::::::::::::::::: ········-~-1 
1.8. 0 00 .•.. .... .. ....•. 97 
1.9.................... 103 
2.0. 0 00 00 .•...••. 00 .• 00 109 
2.1.................... 115 
2 .2 0 •••••• 0 . 0 0 0 - - 0 0 0 - 0 - 122 
2 .3- 0 -- 0 0 0- -- 0 0 0 - 0- 0 0 0- 129 
2 .4- - 0 0 0 0 - - 0 - 0 0 0 0 0 0 - - 0 0 136 
2.5.................... 144 
2.6 0 0- 0- 0 0 0 0 0-- 0- 0-- 0 0 0 152 




3 .1. 0 -0 0- -- -0 0 0 0- 0 - -0 -0 202 
3.2.................... 215 
3 .3 - 0 - - 0 - 0 - 0 0 -0 0 0 - 0 . - 0 - 229 
3 .4. 0 0- 0--- 0- 0- 0--. 0 0 0. 244 
3 .50 0 -- 0 0 -0 -0 . 0 0 0 0 0 0 0 - 0 259 
3.6. 0 --· ............. 00 275 
3 0 7 0 0 0 0 0 - - - -0 . 0 -0 0 - 0 0 0 0 291 
3. -0 .... -· -· --00 ·--- .. 30 
3.9 0 0-0 0-0 0-0 0 0--0 0 0 0 0 0 326 
4,0. 0 00----00 .. 00-- -· .. 345 
4.1.................... 364 
4.2.................... 383 
4 .3 0 0 0 0 0 0 0- 0- -0 0 0 0 0 -0 - 0 403 
4.4.................... 423 
4 .50 - -0 0 0 0- -- 0- 0 . 0- 0 . 0- 444 
4.6.................... 465 
4.7.- 00 --·· 00 .. 00 00 .. .. 4 7 
4.8.................... 509 
4.9. 0 ·- 00 ...... 00 ··-··· 532 
5 .0 0 - 0 0 0- -. -0 0 0 0- 0- -0 0 . 555 
5.1.................... 579 
5.2.................... 604 
5 .3 0 0 0- - 0 0 0 -0 0 . 0 0 0 . -0 0 0 630 
5 .4. 0 00 ........ 00 .. -· 00 656 
5 .5- - - 0 0. - . 0 0 0 0 0- 0 - 0 0 0- 683 
5 .6 0 - 0 0 0 0 -- 0- 0- 0 . -0 0 0 0 0 711 
5.7.................... 740 
5 .8 0. 0--- 0 0-- 0-- 0-- 0 0 0 0 769 
5 .9 •• -- -· -- .... -· ······ 799 
6 .0 0 - 0 0 -- -- - - 0- -- 0- 0 - 0- 830 
6.1.. ····---- -·-- 00 0- .. 861 
6.2.- ·- -· ---- ·····--· -- 893 
6 .3- - -- 0- 0- - 0 0 0 0- 0 0 0 0 0 0 926 
6 .4 0 • 0 - - - 0 0 0 - - - - - - - - 0 0 0 959 
6.5 ..•••....•..•... 
6.6 ..•. ····••·· ..•. 
6.7 ..•••. ··•·•·•••• 
6.8 ..•...•.•...•.•• 
6.9 .. ···········- .. 
7 .0 ...... -- ---· -- .• 
7 .1.. 00 .... -- .• -· .. 
7 .2 ...... ··•·•·••·• 
7 .3 .. ---· 00 ··-· -- •• 
7 .4. 0 0 0-0 0 0--0 0---0 
7 .5 .... 0 0 00 -· •... 00 
7 .6 .. 00 .. 0-00 •..... 
7 .7 .. ·--- ·········· 
7 .8 ....•... ····•·•· 
7 .9 .. 0000 ....•...•• 
8.0 .. ··-- ····-····· 
8.1 ...... ······•· .. 
8.2 ............... . 
8.3 .... 00 ......•... 
.4 ............... . 
8.5 ....•.....•..... 
. 6 .. 0000 ......... . 
8.7-- .. --:.00 ..... . 
8. -- .. ······ ······ 
8.9 ............•... 
9.0 ........ ---··· .. 
9.1. ....... -----0 .. 
9:2 .... ·········· 00 
9.3 .. -· 00-- ..•... 00 
9.4 ...... ---- .. -0 •. 
9.5 .......•.....•.. 
9.6 ........ 00 ..... . 
9.7 .... ········ ... . 
1
9.8 .... -- ........ 00 
9.9 ...... ---· ..... . 
10.0 ...... ·----· 00 .. 
10.1 .... ---- -· .. --00 
10.2 .............. 00 
10.3 .... 00 .... -· ··--
10 .4. 0.-00 .. 0. 0. 0 0-. 
10.5 ...... -- .... 00 .. 
10.6 ............... . 
10.7 ..•.....•....... 
10.8 .. -· .... 00 .. -- .. 
10.9 ........ 00 ....•. 
11.0 .. 00 00 00 .. 0 0 .... 
11.1 ..•. -0 ... 0 0 0--0 0 
11.2 .... 0 0 .... ··-- .. 
11.3. 0 .. 0-0 0 0 0-.0 0 0-
11.4 .. 0. 0. 0- •. ---0-. 
Dis-
charge-
sec. ft. II Ga~ h•l~>-foot I 
11.5 ...• 00 ..•. --00 .. 
11.6. 0 •. -0---.00 •. 0 0 
11.7 .... --·- ......•. 
11.8 .. --00 .... -· 0000 
11.9 .. 00 00 00 .. 00 00 .• 
12.0 •..... ·········-
12.1 •. -· .• --00 00 .. --
12.2 ..••.. ··-- ..... . 
12.3 .• 0000---- .••. --
12.4 .........•...•.. 
12.5 .. -- -· --00 .... 00 
12.6 .......••...•.•. 
12.7 •.•... ·••··· ··--
12.8 ...•...•.•..••.. 
12.9 ..•. -· ....•• 00 -· 
13.0 ..........•...•. 
13.1. ... 00 00 ...•.• 00 
13.2 •. ------ .... --00 
13.3 ....•.........•. 
13.4 .. -- ........ 00 •. 
13.5 ..........•..... 
13.6 .. 00-- .•.... -- .. 
13.7 .... -- ...... 00 00 
13 .8 ...... -- ...... -· 
13.9 .... -- .. -· .... -· 

























































1,9 3 i5~o:::::::::::::::: ., ..... a;a4o 
2,022 -- ····•· ...... ·····- .......... 00 
2,061 16.0................ 4,750 
2,100 ..•....... ······••·· --·········· 
2,140 17.0................ 5,160 
2,1 0 -- ·········· ········ ····•····· .. 
2,220 18.0................ 5,570 
2, 260 , ~- 0 0- 0. -- 0. 0 0 0. 0 0 0 0 0--- 0- 0 0 0- 0-
2,300 19.0................ 5,980 
2,340 .... ······ ·····----- ····•••····· 
2,3 0 20.0................ 6,390 
2,420 -·-······· .... ····-- ...........• 
2,460 ········-- .................. ----
2,500 ........ ········ ............... . 
2,540 ········ ...... ··•··· .......... --
2,5 0 .. ······ ...... 00 ........ ······ .. 
~:~~g I :::::::::::::::::::: :::::::::::: 
2, 700 .. ·······•···· ...... -··· ....... . 
2, 741 -- ............................ 00 
2, 7 2 .. 00 0000 ···•· ······ ·········· 00 
2,823 ··············---- .......... 00 .. 
2,864 .... ··········•· .... ---- ....... . 
Table No. 16.-Proposed fl,oodway widths for Embarrass river. 
From To 
Wabash river ................................. Lawrenceville ............................ . 
~~~~ngfe~~;shy creek::::::::::::::::::::::: ~~~*0~~ ~r-~~~=-~~~~~-:::::::::::::::::::: 
Westport. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Spencer bridge ............................ . 
Spencer bridge ............................... Rafetown bridge .........................•. 
li~~~;~~ J~~~~eiork::::::::::::::::::::::::: ~:~~~a~~~~~-~~~~-·_~~::::::::::::::::::: 
Sainte Marie .................................. Mouth of Crooked creek ................... . 
Mouth of Crooked creek ...................... Newton ................................... . 
Newton ...................................... Mouth of Range creek .................... . 
Mouth of Range creek ........................ Mouth of Muddy creek .................... . 













1 250 1;ooo 
950 
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Mouth of North Fork ....•.................... Mouth of Willow creek . • • . . . . . . . . . . . . . . . . . 600 
Mouth of Willow creek ..•.................... Bridge in sec. 15, T. 7 N., R. 14 W... .. . . . . 550 
Bridge in sec. 15, T. 7 N., R. 14 W •........... Bridge between sec. 23 and 26, T. 9 N., R. 


































Table No. 18.-Proposed channel for Embarrass river. 
Proposed cut-offs 
Cut-off No. Length- I !fJib.~ I a:;r~~ I ti::~~~tic 
feet feet feet yards 
1 ......... . .......... . ............... 1,300 60 16.5 60,762 
2 ......... ................ ······ ..... 1,550 60 16.5 72,447 
3 ............ ......... ............... 700 60 17.0 33,936 
4 ... ······················· . . ........ 800 60 18.0 41,600 
5 ........... ............ ...... ... ... . 800 60 17.5 40,176 
6 ................. ........ - ... : . ..... 1,000 60 17.0 45,756 
7 ....... .... .. .................... ... 1,000 60 14.5 40,020 
8 ......... .. ......... ......... . ...... 700 60 15.0 29,169 
9 ............ .................... .... 400 60 9.5 9,784 
10 ..................... ........ ....... 950 60 17.5 50,220 
11 ......................... .... ....... 800 60 14.0 31,196 
12 .................... ....... ... . ..... 1,050 60 15.5 45,616 
13 ................ ... .. . : ............. 300 60 18.0 15,600 
14 ............... ..... ............. . .. 600 60 16.5 28,044 
15 .............. ........... .......... . 900 60 15.0 37,753 
16 .....•............. ... ... . .......... 1,100 60 18.5 59,136 
17 •.................................. : 700 60 20.0 41,482 
18 •........................ .... ....... 800 60 13.0 28,120 
19 ......................... ... ........ 1,050 60 12 .5 35,238 
20 ......... ····· ··· ................... 550 60 10.5 15,075 
21 .................. -................. 1,400 60 13.0 49,210 
22 ..... ·········· .............. ····· .. 400 60 15.0 16,668 
23 ......................... .... ....... 1,100 60 14.0 1 54,·198 
24 ..... ·····-· ........................ 400 60 19.5 22,964 
25 •..••..... ····· ---- ................. 450 60 19.5 25,834 
26 ........... : .............. -- - · -· .... 1,050 60 20.5 64.065 
27 .................................... 800 60 20.0 47,408 
28 ...... - .......... .. ................. 700 60 17.5 35,154 
54 . E::\IBA.RRA.SS RIVER Il\IPROVE:ME.N T. 









29 ................................... . 
21,900 
30 ................................... . 
13,600 
31 ................................... . 
750 . 
3' 900 J::: : : : : : : : : :: : : :: : : : : : : : : :: : : : : : : : : ::: 
2,95o 1 
1































35 ....... ····· ....................... . 
36 ................................... . 
37 ................................... . 
38 ......................... ········ .. . 
39 ...... . ······· ..................... . 
40 ...... ............................. . 
41 ............ ····· ....... ····· ...... . 
42 .................... ········· ...... . 
43 ........... ······ .... ··········· ... . 
44 ........... ············ ········· ... . 
45 ................................... . 
46 ........... ········ ··············· .. 
47 ................................... . 
48 ..... ··············. ········· ······· 
49 .......... ········· ····· ........... . 
50 ........................... ········· 
51 ................................... . 
52 ..................... · .............. . 
53 ..... ················· ............. . 
54 ..... ······ .............. ······ .... . 
55 .................... ····· .......... . 
56 ...... ............................. . 
57 ....................... :.··········· 
58 ................................... . 
59 .... ········ ....................... . 
60 •.•.••.............................. 
61 .................... , .............. . 
62 ............. ······· ......... ······· 
63 .................................•.. 
64 .................................... . 
600 I 60 I 21.51 
1,ROO 60 l 20.5 
:: :I :::: 
1,000 . 60 19.0 
1,350 60 18.0 
500 60 20.0 
1,450 60 16.5 
850 60 21.0 
350 60 19.5 
700 60 21.5 
850 60 21.0 
800 60 21.5 
1,050 60 20.0 
1,550 60 19.0 
300 60 11.5 
1,250 50 17.0 
1,300 50 18.5 
1, 700 50 18.0 
800 50 14.0 
700 50 17.5 
800 50 18.5 
1,050 50 18.0 
750 50 17.0 
850 50 1 .0 
600 50 10.5 
1,400 45 14.5 
1,300 45 15.0 
1,000 45 13.0 
1,400 45 11.0 
1,100 45 16.5 
1,400 45 13.5 
600 45 5.5 
1,000 . ·10 17.0 
2, 700 40 17.0 
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feet Cut-off No. 
100 I 
1
65 ....... ·········· .. ····· ········ ... . 
33,800 







68 ..... ··········· ................ · .. . . 
69 ................................... . 
70 .................................. -. 
71 .... - ............ -· .... - .......... -. 
Total ............................ . 
I 












900 I 30 
1,000 30 
66,600 







































1 ...... ................ ... ........... 400 
2 .................................... 450 
3 .................................... 500 
4 .. - ..... ..... . ...................... 500 
5 .................................... 650 
6 .. - .. ········ ··········· ............ 600 
7.- .... ················· .... ·-······· 650 
8 .. --~·-········--··················· 250 
9 .................................... 350 
10.-- ... ............ . ........... ······ 250 
11 ......... ............... - ........... 500 
12 ............................... -.... 200 
13- ... -- .. - ..... - .. - .. - ....... - ....... 450 
14 .. -- ................................ 450 
15 .................................... 550 
16 ... ---.- .............. -.- ... . -- ..... 200 
17 .................................... 600 
1 
······ ---- -------- ·--·····- ········· 
400 
25. 18.0 11,468 
25 18.0 12,902 
25 18.0 14,335 
25 10 .0 6,48(} 
25 13.0 11,8891 
25 12.0 9,864< 
25 10.0 7, 947' 
20 11.5 3,352. 
20 12.0 4,977 
20 9.0 2,417 
20 9.0 4,835· 
20 9.5 2, 076-
20 '8.0 3, 73& 
20 11.5 6,034 
20 11 .0 6,887 
20 10.0 2,222 
20 5.5 3,120 
20 10.5 4,816. 
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20 ••. -- ·--- --------------------- ·--· .. 
21 ... -. ·---- -·----.------.--- .. ---.-.-
22 ..... --------·- ....... ----- ......... 
23 ..... ··--- --- ..... - ···--. ----- ...... 
24 ..... · -······ ·-·-- ··-·--··-- --------
25 .......... -- --· .. ----------- -------· 
26 ......... ·-·- ---------- -··-- ........ 
27 ....•......... -.- ..... - ... ---- ..... -I 
28 ......... - .................... ------
29 ..... ·------- ---------.--- --· ······· 
30 .......... ------·- .. ----- ·····-····· 
31 ......... -.-- ... ----.----.-------- .. 
32 .... ·······- ---------- ·---------- ... 
33 ..... ·- ·····-·-·-· --- ·-·---------··· 
34 ....... ........... -· ·· -. ····-·---··-
35 ..... ··· ·· ----· ........ -... ········· 
36 ••.••.. -------· .......... ···- ---···-
. 37 ..•. ······-· ·················· ······ 
450 
38 ..... ·····---------------- ----······ 
750 
39 ...... -·-- ------ --· -- ............... 
500 
40 ..... ····· ····-··· -·-··············-
2,000 
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Table No. 20.-0omparison of channels-Length in miles. 
Present river. Proposed route 
Locality 
Distance - ~ Distance 
from between 
mouth · points 
Distance I Distance 
from between 
mouth points 
Wabash river....................................... 0.0 ............ 0.0 ........... . 
............ 12.2 ............ 9.1 
Lawrenceville....................................... 12.2 ............ 9.1 ........... . 
. . .. . .. . . . . . 15.5 . . . . . . . . . . . . 10.0 
Westport........................................... 27.7 ............ 19.1 ........... . 
. . . . . . . . . . . . 10 .8 •.•.••.... -. 9 .5 
Spencer bridge....................................... 38.5 .. .. . . .. .. .. 28.6 .......... .. 
............ 12.0 ............ 10.3 
BridgeeastofRafetown............................. •50.5 ............ 38.9 ........... . 
............ 13.4 ............ 8.0 
SainteMarie........................................ 63.9 ............ 46.9 ........... . 
····'··--··· 5.8 ············ 4.7 Crooked creek ............. _ . _ . _ ... _ . . . . . . . . . . . . . . . . . 69.7 I.. . . . . . . . . . . 51 .6 ........... . 
············ 8.0 ··-········· 6.3 Newton............................................. 77.7 ............ 57.9 ........... . 
. . . . - -.... -. 15 .5 . -..... ---. . 13 . 7 
Range creek......................................... 93.2 . . . . . . . . . . . . 71.6 ......... _ .. 
............ 3.0 ............ 2.7 
Muddycreek........................................ 96.2 ............ 74.3 .......... .. 
--- ........ - 7 .6 ........ -.. . 6 .4 
Greenup............................................ 103.8 ............ 80.7 ........... . 
Table No. 21.-Embarrass river levee grades. 




Ele- I vation of Gradient 
grade 
Mouth of Embarrass river . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.0 j 
... -....... - . - . . . . . . . . . . .00015 
419.0 
Lawrenceville highway bridge ..... .......... _ ... _............... 9.1 426.0 ........... . 
············ ............ .00024 
Westporthighwaybridge........................................ 19.1 438.5 ........... . 
······· .. ... -·· ······. .. .00018 
Spencer bridge................................................... 28.6 447 .5 ........... . 
························I .00023 Bridge east of Rafetown......................................... 38.9 460.0 ........... . 
. . -.-....... . . . . . . . . . . . . .00034 
Sainte Marie..................................................... 46.9 474 .o ........... . 
... .... ..... ... ... . ..... .00031 
MouthofCrookedcreek.......................................... 51.6 482.0 .......... .. 
... . . ... . . .. -·· ... ...... .00033 
Newton.......................................................... 57.9 493.0 ........... . 
. . . . . . . . .. . . . . . . . . . . . . . . .00030 
Mouth of Range creek........................................... 71.6 515.0 ........... . 
. . .. ... ..... . . ... .. ..... .00039 
Mouth of Muddy creek. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 4 .3 520 .5 ........... . 
. . . ...... .. . ········ ... . .00047 
Greenup ........................ :...... . ......... ................ 80.7 536.5 ........... . 
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Table No. 22.-Embarrass river channel grades. 
Location of grade point ~~~~ I va~~~ of I Gradient 
mouth grade 
Mouth of Embarrass river ........... ......... ..... ----·········:· _. ___ .. -~~~ _ .. ___ -~~~ ~~-~-- · · · · ~oooi7 
Lawrenceville highway bridge................................... 9.1 400.0 ~- .......... . 
.. . .. ....... . ..... .. 0. .. .00015 
Westport highway bridge. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 .1 408 .0 .. ......... . 
0 ••••••••••••••••• 0 •• ••• .00022 
Spencer bridge .............................................. 0 0 •• 0 28.6 419 .0 ....... 0 •••• 
0. 0 0 •••••••• oOoo •••• 000 0 .00022 
Bridge east of Rafetown ......... 0 ••••• 0 ••• 0 ••• 0 ••••• 0 0 •• 0 :0 .• 0.. 38.9 431.0 ....... 0 0 ••• 
o• ••• Ooo o• 0 0 ••••• •• Oo OoO .00039 
Sainte Marie ... o•o •••• o. 0 oO. ooooo ••••• o •••••• o •• •oo ••••••• ·oo .0 .0 46.9 447.0 .......... 0. 
Newton .... 0 •••••• ~ ••• 0 ••••• 0 •••• 0 •••• 0 •• : : ••• 0 •••• 0 •••• 0 0 •••••• 0 • 0 ·····57 ~9° · · · · · "469 ~0- . 0 •••• :~~~~: 
0 ••• 00 •••••••••••••• OOo. .00025 
Bridge inN. t sec. 14, T. 7 N., R. 9 E ............ : ... o· ••• ••• • • •• 63.3 476.0 ....... 0 •••• 
0 0 ••• 0 ••o•oo •••••• oO 0 •o. .00032 
Mouth of Range creek ............. 0 •• 0 •••••••••• 0 ••••• 0......... 71.6 490.0 ........ 0 ••• 
• • • • • • 0 ••••• 0 ••••• 0..... .00042 
Greenup ........................................................ . 80.7 510.0 
Table No. 23.-North Fork levee grades. 
Location of grade point 
Miles Ele-
I 
above vation of Gradient 
mouth grade 
Mouth of North Fork ........ 0 ••• 0 •• 0 •• 0 •• 0 0 ••••• 0 ••••• 0 ••••••••• 0.0 468.4 
-----------· 
•• 0 ••• oo 00 •• oo oooo •• •••• .00029 
Mouth of Willow creek. 0 ••• 0 •••• 0 0 ••••• 0 0 0. 0 •• 0 ••• •••• 0 ••••••• 0 •• 0 9 .8 483 .0 ........... . 
oOooo oo 0. 0 ••••••• •o. 0 ooo .00041 
BridgeinN.tsec.15,T.7N.,R.14W ....... . o·o·····o·o······· 12.9 490.0 ... ooo······ 
Mouth of Panther creek .. :. 0 •• 0 0 •••• 0 •••• 0 •• 0 ••••••••• 0 •••••• 0 ••• • • • 
0 
···iii :3 ° • • • • • • 5oi ~a· 0 •• _ •• :~~~~~ 
•••• 0 •• 0 00 oO ••• ooo •• 0 oOO .00056 
Bridge inS. tsec. 2, T. 8 N., R.14 W oooo-·o·o···o········o·····o 23.0 520.5 ...... 0 •• 0 •• 
0. 0 0. 0 0---0 0 ••••• -0.0.-. .00066 
Bridge between sec. 23 and 26, T. 9 N., R. 14 W ............... o.. 26.7 533.5 ·o···o······ 
Table No. 24.-North Fork channel grades. 
Location of grade point 
Miles Ele-
I 
above vation of Gradient 
mouth grade 
Mouth of North Forll;. 0 •• • 0- •••• 0 ••••••••• 0. ··o·· o•·. 0 ••• o•· ••• 00 0.0 440.5 ...................... 
• • o
0
o •• -. 0 •• 0 •• -0 0. 0 0 •• 0 0 .00039 
BridgeinW.tsec.16,T.6N.,R.14W .. o.o···o······· · ········· 3.7 448.1 ooo···o •• o •• 
0. 0 •••• -.- 0 0 •••• 0 0 0. 0 0. 0 .00048 
Bridge in N.-t sec. 15, T. 7 N.,R. 14 W ...... 00 •••• 0 ••••••• 0 ••• 0 0 12.9 471.4 0 •••• 00 ••••• 
0 ••••••• o• •• 0 •••• 0 0 0 0 0. 0 .00050 
Bridge on center line sec. 22, T. 8 N., R. 14 W .......... 0. 0 ••••• 0 19.9 490.9 0 ••• •• • 0 0 0 •• 
0 ••• 0 ••• 0. 0. 0 ••• 0 0 ••• 0.. .00127 
Bridgebetweensec.10and15,T.8N.,R.14W ... o •••••••••• o... 21.2 499.0 ..... oo•o··· 
•• 0 0 •• 0 0 o•• 0 ••••• •o 0 0 0 0. .00034 
Bridge between sec. 23 and 26, T. 9 N., R 14 W ..... Ooo·······o·· 26.7 514.8 ·o···o····o· 
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Table No. 25.-Area of bottom lands. 
Embarrass river North Fork 
Unit No. Acres Unit No. Acres 
1. -------- --- ------ --- -- ---- --- -------- 4,100 23,100 
3,325 
22.---------------------------- ~------ 575 2 ________________________ -------------- 21. -- - - - - - -- - - -- -- - - -- -- - -- - - - - -- -- -- - 550 4.-------------------------------------
3- - - -- --- - -- - ---- - - -- - --- --- - -- - - -- - ---
6 .. ------------------------------------
5- - - -- - - - -- -- - -- --- - - - - - --- --- --- --- ---
8 .. -:----------------------------------
7- - - -- - - - - - - - - - - - -- - - - - - - - - - -- -- - - -- - --








23 .. ---------------------------------- 1, 600 

























In drainage units on Embarrass river............................................ 78, 640 
In drainage units on North Fork................................................. 5,145 
Total in drainage units ..................................................... _ .. · ..... _ .. . 
Taken for flood way and storage on Embarrass river . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19,020 
Taken for flood way and storage on North Fork. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5, 810 
Total taken for flood way and storage ................................... __ : ... .. .' ... ·-- .. 
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Table No. 26.-Yardage tabulation tor Embarrass river. 
Total Name 
Gravity 
Em- .Bluff outlet 
rass river ditch and ditch 
levee levee and 
levee 
Embar- 'I'ributary I :a:h 
rass stream channel and river 
channel levee levee 
I 
%~~ir~~-~~i~:~~-:~l~~~~~~~~~- :::::::::::::::::::::: ~~:~~~- --;~~:~~~- --;~~:~~~- :::::::: 2,:::::: 
2.. ........... .. .... ...... Brushy Cr. 60,400 262,000 612,000 1,010,000 ........ 1,944,400 
3............... .......... Muddy Cr. 414,100 692,100 .......... 399,700 1,505,900 
4............... .......... Brushy Cr. 69,200 212,200 98,200 ........ 379,600 
5.......... ..... ...... .. .. .. .................... ........ 137,200 140,800 ........ 278,000 
6......................... BigCr.218,100 ........ 250,300 281,500 ........ 749,900 
7 ....................................................... 309,600 189,000 ........ 498,600 
8 ........................................................ 159,300 .......... ........ 159,300 
15:::::::::::~::: :::::::::: ::::::::::::::::::::::1:::::::: i6t:~gg --~~~~:~. :::::::: ~~jgg 
11 ......................... - ... - ... - .... - ...... -. . . . . . . . . 50,700 . . . . . . . . . . . . . . . . . . 50,700 
12.. .......... ... ... ....... Crooked Cr.116,900 ........ 98,600 .......... ........ 215,500 
13.. ...... .. . .. .. .. .. .. . .. . .. .. .. .. . .. . .... .. .. .. .. . ..... 199,800 128,700 328,500 
14 ........................................... ·.... ........ 272,200 187,800 460,000 
15.. ............. ..... .... . .... ..... ............. ........ 165,900 58,300 224,200 
16 .......... ;.... .......... ...................... ........ 159,600 74,700 234,300 
~~::::::::::::::: :::::::::: ---ii~il"-eci ... si;ooo· :::::::: ~~g;~gg ~;688 ~~~;~gg 
19 ......................... Northlforkl.130,200 ........ 15,200 .......... ........ 145,400 
20 ............................... ·................ ........ 197,600 29,000 ........ 226,600 
Total ....... 2, 876,000 j 1, 059,900 485,200 4,344, 400 2, 650,900 1399,700 11,816,100 
Table No. 27.-Yardage tabulation tor North Fork. 












124,900 . ............. 
90,500 .................. 
55,900 ..................... 
21 ..•.. ·············· ··- .............. ······················ 
22 ......................................................... . 
23 ......................................................... . 
24........................ ............ Willow Cr. 42,700 
25. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Mount's Br. 22, 800 
26 ......................................................... . 146,100 81,200 
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4 .•••........ ------------------------------------- ____ , __ 
5 _____________________________ ---------------------------
6 ........ ------------------------------------------------7 __________________________________________________ ------
8 ........ ------------------------------------------------
9 ........ ------------------------------------------------
10 ................................. - ----------------------
11.-----.----.--.-.------ ... -.-.-.-.---------- .. ----------
12.--.-.- .. -.-.- -----.--------------.-.-.------.-.--------
13.--.-.-.-----.-.--.-.-----------.--.---.--- .. -.-.-.-----
14.--------.- .. ---------.-------------.-.------- .. --------
15.---------.------.---------------------.---.----.-.-----
16.--------.-----.--.-.-.-.-------------------.-.-- ... ----
17--.----- .. ----------.-------- .. -... ----- ... --- .... ------
18 ... - ----------.-.----.------------.---.------ ...... --.--
19 ... ·--- ---- ------· ----- ... -- ... -.-.- .... ----- ........ ---
20 ....................................................... . 
21 .. -.... -...... -.- .. - ......... ----- ............... '---. --
22 ..............•.... --------------------- .......... ------
23 ............................................ ---· ....... . 
24 .............................. ······················· .. . 
25 .............................................. ······ ... . 
26 ........ ······· ......... , ............. : ................ . 
Total ..... _ .... _. _ ... __________ . _ . _ .. _ . ___ .. _ ... ____ _ 
Acres Cost I Cost per acre 
4,100 $ 70,637 50 . $17 22 
23,100 243,050 00 10 52 
19,300 138,275 00 7 16 
3,325 47,450 00 14 27 
1,525 34,750 00 22 79 
5,550 93,737 50 16 89 
3,440 62,325 00 18 12 
1,485 19,912 50 13 41 
2,200 45,687 50 20 77 
850 12,637 50 14 87 
580 6,337 50 10 93 
785 26,937 50 34 32 
2,515 41,062 50 16 33 
1,900 57,500 00 30 26 
1,940 28,025 00 14 45 
1,480 29,287 50 19 79 
1,430 32,400 00 22 66 
1,215 31,037 50 25 55 
1,070 18,175 00 16 99 
850 28,325 00 33 32 
550 13,312 50 24 20 
575 22,400 00 38 96 
1,600 15,612 50 9 76 
750 16,650 00 22 20 
500 9,837 50 19 67 
1,170 28,412 50 24 28 
1-------1----------1----------
83,785 $1,173,775 00 Av. 14 00 
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